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ALL-OR-NONE AND CONSERVATION EFFECTS IN THE 
LEARNING AND RETENTION OF 
PAIRED ASSOCIATES! 


W. K. ESTES, 


B. | 


HOPKINS, 


AND E. J. CROTHERS 


Indiana University 


Tacitly in the functionalist ap- 
proach (McGeoch & Irion, 1952) 
and explicitly in the more formalized 
theories (Estes, 1959a; Gibson, 1940; 
Hull, 1943; Hull, Hovland, Ross, 
Hall, Perkins, & Fitch, 1940; Spence, 
1955) it has been assumed that simple 
associative learning proceeds by a 
gradual increase in the strengths of 
stimulus-response associations Over a 
series of reinforced trials. This ‘‘in- 
cremental’’ assumption, with its im- 
plication that the probability of a 
correct the part of an 
individual S should be increased by 
each reinforcement, 
incorporated almost 


response on 


seems to be 
routinely into 
each new learning model that appears 
(e.g., Bourne & Restle, 1959; Bush & 
Mosteller, 1955; Luce, 1959). 

As might be expected in the case 
of such a widely held conception, 
the empirical basis of the incremental 


The first author is responsible for the 
planning and interpretation of the study and 
for the present report. The second author 
collaborated in Exp. I and the third author, 
whose participation was made possible by a 
grant from the Ford Foundation, collaborated 
in Exp. Il 


lack breadth. 
Nevertheless, it may not be quite 
solid, for at both the theoretical and 
experimental levels, small 
have appeared. Some refractory 
problems having to do with rates and 
asymptotes of discrimination learning 
(Estes, 1959a) led the writer a number 
of years ago to consider a modified 
statistical model for learning in which 
the total pattern of stimulation oc- 
curring on a given trial is assumed to 
become associated with the reinforced 
response on an _ all-or-none basis 
(Estes, 1959b). The purpose of the 
present study is to provide a differen- 
tial test of the “pattern model’’ 
against the class of models predicated 
on the incremental assumption. 
Working in a different context, 
Rock (1957) has recently brought 
forward data which appear to chal- 
lenge the incremental assumption, at 
least for paired-associate learning. 
Rock used a novel procedure in which 
incorrect items were dropped from 
the list and replaced with new ones 
following each presentation cycle. 
If the missed items were “partially 
learned,” then Ss learning under this 


assumption does not 


fissures 
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condition would be handicapped in 
comparison with conventional con- 
trols, but Rock found no difference 
in rate of learning under the two 
conditions. However, the interpreta- 
tion of Rock’s findings is complicated 
by the fact that the items eliminated 
under his procedure are probably more 
difficult to learn on the average than 
the items that replace them. In the 
clarifying this somewhat 
perplexing situation, Exp. | of the 
present study was designed to attack 
the same problem with a method 
which would permit simpler controlled 
comparisons relative to the effects 
of single reinforced trials upon indi- 
vidual Ss. Once this had been accom- 
plished, it became apparent that the 
technique contrived to investigate 
possible all-or-none effects in acquisi- 
tion could be extended to do the same 
for retention; Exp. II of this study is 
addressed to the latter problem. 


hope of 


EXPERIMENT | 


The observed result of a 
paired-associate trial is to increase 
the relative frequency of correct 
responses. With the 8-item list used 
in this study, the initial probability 
of a correct response to any item is at 
most .125. Under the conditions 
used, the effect of a single reinforce- 
ment (paired presentation of stimulus 
and response members of an item’) 


single 


is to raise the relative frequency ol 


i 
2To avoid confusion in the sequel, it 
should be emphasized that this definition of 


is different from the defini- 
“correct anticipation” that 
Underwood (1954 

Che latter is inapplicable under the condi 
tions of the present study since the test with 
the stimulus member of an item 
occur in temporal contiguity with the paired 
stimulus-response presentation, and learning, 
as measured in terms of frequency of correct 


“reinforcement” 
tion in terms of 
has been used, e.g., by 


does not 


responding, increases as a function of paired 
presentations, not as a function of preceding 
test trials. 
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correct responses to approximately .5 
for a group of Ss. The first question 
to be raised is which of the following 
interpretations is more nearly correct 
with reference to any given item: 
(a) the probability of a correct re- 
sponse is now .5 for each S, or (6) the 
probability of a correct response is 
now unity for half the Ss and zero 
(or at least no greater than chance 
for the 


remainder. To distinguish 


between these alternatives, a single 
reinforced trial will be followed by a 
test and then, without 


reinforcement, a second 


intervening 
test. The 
design may be represented as 


R T T 
where R denotes a single exposure of 
the 


list and T an exposure of each stimu- 
lus alone. 


each stimulus-response pair in 
If the first interpretation 
is correct, then correct and incorrect 
responses on the first test should be 
followed about equally 
correct responses on the second test. 


otten by 


If the second interpretation is correct, 
the relative 
responses On 


frequency of correct 
should 


be greater following correct responses 


the second test 
on the first test than following incor- 
rect responses on the first test. In 
the latter case, if there were no 
retention the probability of 
correct following correct should be 
unity; forgetting would reduce this 
value by an amount that cannot b: 
specified in advance. The probability 
of correct following incorrect is crit- 
ical: according to (a) it must be 
greater than chance whereas according 
to (6) it must not. 

As a the design 
will be completed by giving 
S additional items with the paradigm 


R T R T 


loss, 


control measure, 


each 


permitting evaluation of the effect 
of a second reinforcement upon items 
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which do not yield correct responses 
on the first test. 


Ve thod 


} 


and apparatu The Ss were 48 


idents from introductory psychology classes 


it Indiana University who served as part 
of a course requirement 
view the ippeared as 


18-11 


From Ss 
is &X 


windows The 


apparat 
gray panel containing twe 
windows, each 24 
re located Siu from the 


tered 1 in 


in. wide by 
top 
and cet upart hori 
ich window was fitted 


ind 


npartment< 


with 
behind each was a 
two 110-, 


d off by 


light-tight cor ontaining 
lamps which were turned o1 
of a timer The 
ited by a 60-w 
behind S’s 
ndows wher 
but could 
behind a wit 

s were on 

nted 


room was 
lamp so placed ibove 
chair that S could not sec 

ompartment 
read typewritten 
dow whe: 
paired- 
were two lis of eight 


The re- 


prese¢ 
learning 
syllable 
the nun 
The 


of three consonants 


number I 
bers ] 


syllables 


were 


type on a 5 X 8-in. whit 
so that when tl 
d the panel the syllable was 
d the window on S’s left and 
behind the wi f 


\t the beginning of 


before the 


d spaced ird w is In 


dow o1 s right 
1 SeSSIO 
exposure 
to the effect tha 
ial both members of 
show } S's 
t¢ the 
letters; 
would be st trials on which only the 


task Was to lear 


with 
there 
letters 


ippropriate umber 


every so otten, 


rABLE 1 


AND INCOR- 
[RIALS 


FREQUENCIES OF CorREctT ((¢ 
N) RESPONSES ON TEST 


1 AND 2 


RECT 


RETENTION 


OF PAIRED ASSOCIATES 


TABLE 2 


OBSERVED AND THEORETICAI 
MopEL) Proportions oF C ON 
lest 2 Given C or N ON 
Test 1 


PATTEKN 


and S was to give the numbers 


1) on 


were shown, 


from memory if possible; (« test trials 


S was to guess if not sure of the correct 
number 

For each list, S was given two practice 
trials and two test trials 
trial, all pairs 
random order. Then 
given, all eight syllables being prese: 
new random order. On the 


trial 


On the first practice 
preset! ted in a 


test 


eight were 
' 
trial was 


ted in a 


the first 
second practice 
only four pairs were shown Then o1 
ond test trial, all eight syllables wer: 
four 
trial 


the se 


presented in a‘new random order. The 
pairs presented on the second practice 
were randomly selected for pairs of Ss, one 
S of the pair being presented with the selected 
four pairs and the other S being presented 
with the four pairs withheld from his “part- 
er."’ The same procedure was used for both 
sts, the order of presentation of the list 
ng counterbalanced over Ss 
both 
then 


interpair interval. 


On practice trials, windows were 
luminated for 4 se« 
luminated during the 4-se« 
On test trials, the left window, exposing the 
syllable 


then neither window was illuminated during 
the 4-sec. 


neither was il- 


alone, was illuminated for 4 se 


interpair interval There was a 


pause of 1 min. between lists 


Results 


frequencies pooled over 
Ss and for each test trial are 
presented in Table 1. The data for 
the items having only one reinforce- 
ment are of principal interest. Nearly 
50% of these were correct on the first 
test and nearly 40% on the second test. 
Proportions of cases in which items 
(C) or noncorrect, including 
(N) on the first test had 
correct responses on the second test 


Response 
lists 


correct 


omissions, 
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Table 2. The notation 
C.:C; is to be read “correct on Test 2 
given that the item was correct on 
Test 1,”’ and Co: N, “correct on Test 2 
given that the item was not correct 
on Test 1." The observed difference 
between these two proportions is so 
large as to make wholly untenable 
the hypothesis that probabilities of 
correct responses were raised to ap- 
proximately .5 by the single reinforce- 
ment for all Ss and items. Still more 
difficult to with an incre- 
mental assumption is the observation 
that the proportion for C2: N, is even 
smaller than the .125 that could 
be achieved if Ss guessed at all un- 
learned items, using all of the response 
numbers with equal probabilities. 


are shown in 


reconcile 


The simplest interpretation of this 
result would seem to be that in the case 
of items not correct on Test 
forcement had strengthening 
effect whatsoever. Several possible ob- 
jections to this interpretation should be 
considered. Since 


1 the rein- 
had no 


Ss may not always 
“iave guessed when they did not know 
the correct answers, the guessing allow- 
ance of .125 may be too high. Also, it 
should be noted that if Ss had a strong 
tendency to repeat particular 
the result would be a reduction in the 
proportion of C following N responses. 
These points can be taken care of by a 
new 


errors, 


analysis using only items having 
incorrect responses (excluding omissions) 
on Test 1 and different responses (again 
excluding omissions) on Test 2. For 
these items, a proportion of .14 correct 
responses would be the chance expecta- 
tion on Test 2. If it were the case either 
that the items incorrect on Test 1 
partially learned or that Ss restricted 
their guesses on Test 2 to the response 
members of 
proportion correct 
14. The 


based on 121 observations, was .13. 


were 


then the 
greater 


unlearned items, 
would be 
observ ed 


than proportion, 


based on 
the possibility that the instances of C 


Test 1 


Other objections might be 


responses on represent either 
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markedly easier items or Ss of much 
greater learning ability than instances of 
N responses on Test 1. 
of differential 


investigated 


The possibility 
rates can be 
directly. The in- 
stances of C.:N, were scattered over 17 
different Ss. Computing the proportion 
of C responses on Test 1 and also the 
proportion C.:C,; for these Ss yields 
values of .44 .70, respectively. 
Comparing these with the corresponding 
values of .49 and .71 obtained for the 
full group of 48 Ss, one must conclude 
that individual differences could have 
played no significant role in generating 
the row differences appearing in Table 
2. If differences in item difficulty were 
an important factor, then for the twice 
reinforced items having N responses on 
Test 1 we should find that the second 
reinforcement, given prior to Test 2, 
would produce only a small increment 
in probability of correct response as 
compared to the effect of the first rein- 
forcement upon this probability in the 
full population of 


learning 
quite 


and 


items. However, 
Table 2 shows the proportion C2: N, to 
be .46 for the twice-reinforced items 
Since the same set of items that yielded 
this proportion of .46 correct after the 
second reinforcement had manifested 
no greater than a chance probability of 
correct after the first 


response rein 


forcement, there appears to be no sup 


port here for a hypothesis involving 
important differences in difficulty be 
tween the items having C and 


having N responses on Test 1. 


those 


These analyses having revealed no evi 
dence of any artifact that could account 
for the pattern of response 
proportions, we are left with no prepos- 
sessing alternative to an interpretation 


observed 


in terms of all-or-none acquisition. 
In one our data 
do not fit the conventional picture of all- 


or-none 


respect, however, 


for, once a correct 
response has occurred to a given item, 
it does not inevitably 
test trial. 


perfect 


learning; 


recur on the next 
This observation of less than 
retention may mean that an 
association learned on a reinforced trial 
does not necessarily stay learned over a 
subsequent series of rest intervals and 
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But before this 
conclusion can be justified, the contribu 
tion of guessing shrinkage 
evaluated. If on both tests, Ss guessed 
then 
occur in 


unreinforced _ tests. 


must be 


items, 
would 


on unlearned apparent 


forgetting cases when 
responses to particular items were correct 
by chance on the first test but not on 
the second. To basis for 
this 


shown in 


provide a 
factor, the 
Table 2 


from the 


appraising theoretical 


values have been 


calculated “pattern model” 
The pertinent as- 
sumptions are simply that on each rein- 


forced trial 


mentioned above. 


item has 
some fixed probability c of being learned 
that yield 
correct responses on subsequent tests 
With the condition that ur 

learned probability } of 
vielding correct responses on test trials, 


each unlearned 


and learned items always 


boundary 
have 


items 


for an &-item list, we can estimate the 


parameter c from the observed propor- 
first 
items, 


49, 


tions of 
test 


correct 
For the singly 
for example, 


responses on the 
reinforced 
this proportion was 


from which we obtain 


49 = ( 
365 


42 
875 


determination for the twice 
value of .31 
between the 


A similar 


reinforced items yields a 


for c, the difference two 
estimates being presumably attributable 
to sampling error. 

| sing these estimates of the condition- 
ing probability, the values shown in 
Table 2 were calculated for the condi 
tional probabilities of C;:C, and Cs:N, 
for the once- and twice-reinforced items. 
that both 


are quite satisfactory for the twice rein- 


It appears theoretical values 
forced items, suggesting that the model 
learning quite 
well when further reinforcements follow- 
ing the first test are available to offset 
any 


represents the process 


retention losses. For the once rein- 
forced items, the predicted probability 
of Co: N, is close to the mark but that 
of Ce2:C,; is considerably too high. It 
appears that there must be some reten- 


tion loss between successive unreinforced 
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test trials that cannot be accounted for 
The 
theoretical interpretation of this reten 
tion loss will be the subject of the next 
experiment. 


in terms of guessing shrinkage. 


EXPERIMENT I] 


Two principal questions arise con- 
cerning the retention losses observed 
in Exp. I. 
losses occur on an all-or-none basis, 


First, do the retention 


or do they represent reductions in 
correct response probability to inter- 
mediate degrees? 
the observed 
probability signify actual 
forgetting, either partial or complete, 


Second, in either 


case, do changes in 


response 


ol stimulus-response associations es- 
tablished by preceding reinforcement ? 
Information the first 
obtained from a 
simple extension of the design used in 
Exp. I. 
at least three successive unreinforced 
test trials following the last 
forcement. The critical datum will 
be the proportion of instances in 
which items correct on the first such 
test but incorrect on the second are 
again correct on the third. If reten- 
tion losses are all-or-none in character, 
this proportion should be no greater 
than chance. 


relevant to 
question can be 
It is necessary only to give 


rein- 


The second question is 
An attempt 
will be made to secure some pertinent 
evidence by arranging conditions so 
that there is minimal opportunity for 


not so easily answered. 


the learning of interfering responses 
between test trials and determining 
whether, under these circumstances, 


there is any progressive loss of 


information over the test series. 


Method 

Che apparatus, source of Ss, and general 
procedure were the same as in Exp. |. The 
design shown in Table 3 was replicated with 
12 different 8-item lists for each of 20 Ss, 
two items in each list being assigned to each 
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TABLE 3 
DESIGN OF Exp. II In TERMS OF REIN- 
FORCEMENTS (R) AND TEstTs (1 


FOR EACH ITEM TyPt 
Each TRIAL 


ON 


rrial 


row of > » Ite 
received 


i types labeled 1 and 2 


one and reinforcements, re- 


spectively. The types iabeled 1 (immediate 
immediately following the first 
reinforced cycle; those labeled d (delayed 
first tested on Trial 2. Thus items of 
ype 17 were reinforced only on Trial 1 but 
tested on all four trials, 
Besides permitting evaluations of the 
proportions of items correct on a later trial 
after being first correct and subsequently not 
correct (henceforth denoted Cy: Na-iC, 
the design provides for controlled comparisons 
relative to retention 
of reinforcements 


were tested 


were 


and so on 


as a function of number 

and to retention as a 
function of tests interspersed between rein- 
forcements. Thus it should be 
differentiate the effects of 
that been confounded in 
experimental designs. 


possible to 
variables 
standard 


two 
have 


The stimuli-were again sets of three conso- 
syllables, randomly drawn except for 
the elimination of duplicate syllables. For 
six lists the responses were the numbers 1 to 8; 
for the remaining six lists the responses were 
familiar 


nant 


me-syllable»words drawn from an 
articulation test. The two types of responses 
were used in order to provide a for 
assessing the role of guessing on unlearned 


basis 


items 

Each S was trained and tested on six lists 
in each of two experimental sessions, numbet 
and word lists alternating within each session. 
rrial 1 on a list began with a reinforced cycle 
on which all eight stimulus-response pairs 
were exposed, then there was a test cycle with 
the stimuli belonging to items of Types 1: 
Trial 2 began with 
exposure of the stimulus-response pairs for 
items of Types 22 and 2d; then all eight 
stimulus members were exposed alone. On 
lrials 3 and 4, all eight items were retested, 
in a new random order each time, without 
intervening reinforcement 


and 2: exposed alone. 
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Results 


Response shifts. 
plest 


Perhaps the sim- 
measure of retention is the 
-probability with which a correct 
response to a given item on one test 
trial is followed by a correct response 
to that item on a later test (by the 
same S, of course) when no reinforce- 
ments. have intervened. From the 
upper portion of Table 4, it is apparent 
that retention, so measured, was about 
90% for adjacent pairs of unrein- 
forced test trials, with no appreciable 
differences between items with words 
and items with numbers as responses. 
There appear to be 
item types in. 

over the last 


differences 
amount ol 
three test 


no 
among 

retention 
trials. 


For all types there is a con- 
sistent, though small,* increase in size 


of the conditional proportions over 
successive pairs of trials. Two possi- 


ble interpretations of this trend im- 


TABLE 4 


PROPORTIONS OF REPEATED Correct RE- 
(Ca41:Ca) AND REPEATED IN 
CORRECT RESPONSES (I,,::1, 
FOR Eacu ITEM Type IN 
Exp. II 


SPONSES 


rhe larger increases from Co:C,; to C3:C 
and from I2:1,; to Is:l. be attributable 
simply to changes in guessing probabilities 
consequent on the learning of additional 
Type 2 items on the second reinforced trial. 


may 
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mediately suggest themselves. The 
first is that some of the stimulus- 
response assoc iations established by 
the trials 
reason, more susceptible to forgetting 
than 


reinforced are, for some 


others; such differences would 
permit a selective factor to operate, 
the items whose responses are more 
resistant to forgetting being more 
heavily represented in the proportions 
for later pairs ol trials The second 
interpretation is that some learning 
may test trials; 
other evidence bearing on this possi- 
bility will be presented in the next 


section. 


have occurred on 


Proportions of instances in which 
an incorrect response (ex¢ ludin Mis- 
sions) to a particular item. was re- 
peated from one trial to the next are 
presented in the 


Table 4 


tions 


lower portion of 
Increases in these propor- 
the the third 


pair of test trials’ are larger, particu- 


irom second to 
larly for the items with word responses, 
than in the case of repeated correct 
responses. Again, the observed trend 
is compatible with the 
that occurs on 
trials 


hypothesis 
test 
defined in 
terms of an increase in probability of 


some learning 


(“‘learning’’ being 
whatever response actually occurs to a 
but possible artifacts 
cannot be entirely ruled out. 


given stimulus), 


Proportions of shifts from incorrect 
trial to 
next 


responses on one 
the 


intervening 


correct 

there 
reinforce- 
lable 5. The 


notation I,, has been used for incorrect 


responses on when 
been no 


ment) 


has 
are shown in 
responses excluding omissions on Trial 
n and is to be distinguished trom N,, 
used elsewhere tor ine orrect responses 
including omissions, and O,, used in 
Table 5 Thus 
C.:1,; represents instances in which 
Ss made incorrect 


to denote omissions. 


responses to par- 
ticular items on Trial 1 and then made 


correct responses to the same items 
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rABLE 5 


PROPORTIONS OF 
FOLLOWING CORRECT 
INCORRECT 


CORRECT RESPONSES 
Responses (C,,;:Cx), 

RESPONSES (Cy,;:1,) OR OMIs- 
sions (Cy.;:0,) AND PROPORTIONS OF RE- 
PEATED INCORRECT 


Ry SPONSES (I, > I 
POOLED OVER ItEM Types For TEST TRIALS 
2-4 or Exp. Il 


on Trial 2. 


tions ot 


As in Exp. I, the propor- 
correct 
are uniformly 


following incorrect 
very much _ smaller 
than those of correct following correct 
responses. The fact that the propor- 
tions for both C.:C,; and Coe:1, are 
somewhat higher than in Exp. I is 
not unexpected. In Exp. II, each 
S learned 12 different lists; therefore, 
most of the data come from lists given 
after the initial period of “learning 
to learn”’ and after S has 
opportunity to develop 
efficient habits of 
learned items. 


had an 
relatively 
guessing on un- 
Allowing for this 
procedural difference, the results of 
the two experiments appear quite 
compatible. All values of Cy: 1,-; 
in Table 4 fall well within the limit 
of what could be achieved by reason- 
ably efficient guessing on unlearned 
items. The negligible differences be- 
tween C,41::1, and Cy,1;:O,, together 
with the fact that each of these 
proportions is much larger for num- 
bers than for word responses, would 
seem to support the interpretation 
that correct responses to previously 
noncorrect items are attributable to 


guessing. It would clearly be desir- 


able to eliminate, or at least drastically 


reduce, the role of guessing on un- 
learned items; this is being attempted 
in experiments now in progress. 
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whether 
losses occur on an 


In order to determine 
retention 


basis for 


all-or- 

individual Ss we 
the 
If the occurrence of a 


none 
may examine 
( 33 iNe i¢ n—2- 


noncorrect response to an item that 


proportions for 


S has responded to correctly on a 
total 
then the 
probability of correct response to the 


previous test signifies a loss 


of the correct association, 
given item on later tests, assuming no 
intervening reinforcement, should be 
no greater than that attainable by a 
from the 
substantial 


random selection among 


unlearned responses. <A 
number of cases can be obtained by 
including both incorrect responses and 
omissions on Trial n — 1 and pooling 
over all four item the 
first three test trials in each case). 
The proportion of .44, based on 126 
observations, thus computed is enough 
larger than 
of correct following noncorrect shown 
in Table 5 to the 
hypothesis of ‘‘total forgetting.”” One 
might raise the question whether the 


types (using 


the simple proportions 


contraindicate 


higher proportions of correct follow- 
ing noncorrect for items that have 
responded to 


previously been 


rectly is interpretable simply as a 


cor- 


sequential effect; other things equal, 
would expect that a 
that has been given to an item on an 
earlier test would have a greater than 


one response 


chance probability on later tests for 
the given S even if the response had 
never been reinforced. As a control 
for such effects, a computation was 
made of the proportion of cases in 
which a particular incorrect response 
occurred to an item on a given trial 
after having occurred on the second 
preceding trial but not on the immedi- 
ately preceding trial, i.e., In: Jn—iln—2 


where | is a_ particular incorrect 


response and J is a different response 
to the same item. This proportion, 


based on 270 observations, proved 


HOPKINS, AND E. | 


CROTHERS 


to be .10. Apparently we must 
conclude that when a correct response 
item on trial 
followed by an incorrect response on 


to an one has been 
a later trial in a series of unreinforced 
tests, the probability of the correct 
response for the given S has 
reduced to a value intermediate 
between that obtaining immediately 
after reinforcement 
level. 
do not necessarily occur on an all-or- 


been 


and a chance 


In other words, retention losses 


none basis. 

Proportion correct per test trial. 
At a phenotypic level, partial reten- 
tion losses clearly occur over a series 
of unreinforced tests in this situation. 
But the question remains whether 
these changes in observed response 
probability represent forgetting, i.e., 
weakening of the stimulus-response 
associations established by reinforce- 
ment, or the operation of 
extraneous factor which affects per- 
formance but not learning. Evidence 
pertinent to this point is available 


some 


in the over-all (unconditional) propor- 
correct per test 
a progressive reduction in 
proportions is the 
interpretation will remain uncertain, 


tions of 
trial. If 
these 


responses 
observed, 


for a reduction could be produced 
either by weakening of associations 
or by extraneous factors. If no 
reduction occurs, however, then cer- 
tainly there has been no weakening 
of associations. 

In Table 6 the proportions correct 
per test trial are given separately 
for the four item types and for word 
and number responses, each value 
being based on 240 observations. If 
one looks across the row of propor- 
tions for the four tests in the case of 
Type 17 items and the last three 
tests in the case of the other types, the 
salient feature is the complete absence 


of any tendency toward progressive 


reduction in proportions of correct 
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rABLE 6 


PROPORTION CORRECT PER TES 
EACH ITEM AND RESPONSI 
IN Exp. I] 


responses from test to test. The only 
the 
rease inl pro- 


from 


systematic trend apparent in 
table is the progressive in 
portions ol 


test to 


correct’ responses 


test in the case of the items 


with number,responses and a singl 


This 


nificant, is probably 


reinforcement efiect, uf sig- 
attributable to 
rhe 
omissions decreases by 
Test 2 to Test 4 
and consequently 
irom 
must 


increases in guessing efficiency. 
frequency ol 
nearly 50°, from 
for these items, 
the 


unlearned 


contribution guessing on 


items be expected 
this 


response proportions 


to increase also. To eliminate 


factor, correct 
recalculated, based only on 
which had 


incorrect responses 


may be 
items either correct ot 
excluding omis- 
When this is done the pooled 
proportions on Tests 2 through 4 run 
.62, .65, .64 for once-reinforced items 
and .84, .84, .83 for twice-reinforced 
items. Clearly there i 
information from the 


tocols over the series of tests. 


sions 


loss of 
response pro- 
Since 
no information is being fed into the 
either, the 


inescapable that there is no progres- 


svstem conclusion seems 
sive weakening of learned associations. 


The most parsimonious hypothesis 
as to the source of the response shifts 
the 


would seem to be one attributing them 


described in preceding section 


RETENTION OF 


PAIRED ASSOCIATES 


to fluctuations in the stimu!us context 
from series to series. 

Retention as a function of preceding 
reinforcements and tests.—Our design 
provides one fully controlled compari- 
son relative to retention as a function 
of number of reinforcements, namely 
that involving 
Type 2d on 


Type id vs. 
2 through 4. 
Examination of the proportions C;:C, 
and (C,:C; in Table 4 reveals that, 

number of the 
trial and number of preceding tests 


item 


Tests 


with ordinal test 
equated, the difference between one 

reinforcements 
mean 


and two preceding 


has produced no difference 
whatever between these proportions 
for the two item types. Contrasting 
this result with the large difference 
between corresponding rows in Table 
may that the effect 


reinforcement 


6, we conclude 
of the 


retention 


second upon 


was, i not 
much 
than its 


amount learned. 


actually zero, 
smaller order of 


efiect 


at least of a 
magnitude upon the 

Iwo ways are available to nreasure 
the effect of a test trial 
sequent The 
proportions ol 
Test 2 for item Type 1 
vs. Type 1d and for Type 27 vs. Type 


upon sub- 
retention. first is to 
compare correct re- 
sponses on 
2d. In eat h case, aS May be seen in 
Table 6, there is an advantage of 5 to 
10 percentage points for items that 
had a test immediately after the first, 
and preceding the second, reinforce- 
ment. Application of a rank test for 
paired replicates shows the differences 
to be significant at better than the .02 
both 
method, 
tions of C.:¢ 

vs. ld and 2% vs. 2d, shows only 
negligible differences (Table 4 


level for comparisons. Che 


second comparing propor- 


2 and C4:C; for Type 11 


LISCUSSION 


rhe bearing of our results upon extant 
theories requires no extended discussion 
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The gist of the matter is that no hitherto 
published theory with which we are 
familiar gives a reasonable account of 
our principal findings. Assuming that 
possible artifacts have been adequately 
handled by our various control meas- 
ures, the results on acquisition appear 
incompatible with any theory which 
expresses learning in terms of increments 
in associative strength, excitatory poten- 
tial, or simply response probability in 
individual Ss. The “pattern model’’ 
1959b) accounts for initial ac- 
quisition in this situation, but it is 
incomplete in that it does not provide 
for the retention losses from 
trials or the pattern 
of response shifts occurring over a series 
of unreinforced test trials. 

The shortcomings of the pattern 
model may be due in part to an unneces- 
sary simplifying assumption. For con- 
venience in calculations, when applying 
the model to the data of Exp. I, we 
assumed that with each consonant 
syllable there was associated a single 
stimulus pattern which recurred intact 
from trial to trial. However, there must 
be some change in the pattern between 
training and test trials, if only because 
two windows in the stimulus panel are 
illuminated in 
only 


(Estes, 


observed 
training to test 


the former instance and 
one in the latter. A minimal 
extension of the pattern model as origi- 
nally published would include the as- 
sumption, common to all stimulus- 
response learning theories, that prob- 
ability of a response reinforced on a 
training trial is reduced on subsequent 
test trials if components of the training 
stimulus pattern, including contextual, 
or “‘background,” cues, have been re- 
placed by novel ones in the test pattern. 

An additional factor demonstrated in 
Exp. II is the occurrence of learning on 
the unreinforced test trials. It appears 
that the constancy of mean proportions 
of correct responses over the test series, 
the pattern of response shifts, and the 
increase in stereotypy over the test 
series would all be predictable on the 
assumption that the response occurring, 
test 
trial becomes conditioned by contiguity 


whether correct or incorrect, on a 
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to the full pattern of cues present on the 
trial. Formal presentation of the aug 
mented pattern model for paired-asso 
ciate learning suggested by the present 


findings will be deferred until inde- 


pendent empirical tests have been ob- 
tained from studies now in progress. 


SUMMARY 


In Exp. I, 
forcement 
and members 
unreinforced tests on 


associate 


48 Ss were given a single rein- 
(paired presentation of stimulus 
response followed by two 
a set of eight paired- 
The relative frequency of 
correct responses on Test 2 for items having 


items. 


correct responses on Test 1 was approximately 
.7, whereas the relative frequency of correct 
following noncorrect responses was less than 
the .125 attainable by chance 

In Exp. II, the following design 
replicated with 12 different 8-item lists of 
paired-associates for each of 20 Ss: equal 
numbers of items received one and two rein 
forcements, with and without an interspersed 
test trial; then all items appeared on three 
unreinforced test trials. The mean propor- 
tion of correct responses remained constant 
over the tests following the last 
reinforcement; at the same time, significant 
proportions of shifts from correct to incorrect 
and vice versa occurred from test to test 
but with the degree of stereotypy tending to 
When 
other factors were controlled, retention was 
found to increase with the number of 
tests but not with the 
preceding reinforcements 


was 


series of 


increase progressively over the series. 


pre- 
ceding number of 

The results were taken to support the view 
that acquisition all-or-none 
basis, repeated reinforcements simply giving 
repeated opportunities for the formation of an 
association between 


occurs on an 


a stimulus pattern and 
the reinforced response. A provisional inter- 
pretation of the data on retention involved 
two additional assumptions: that decrements 
in probability of the reinforced response are 
produced by changes in the stimulus context 
from training to test trials, and that the 
response, correct or incorrect, occ urring on a 
test trial has some probability of becoming 


* Judging by Guthrie’s (1959) last publica- 
tion on learning theory, this assumption comes 
closer to his intended interpretation of the 
contiguity principle than earlier formulations 
of statistical learning theory stated in terms 
of the independent conditioning of component 
cues 





LEARNING AND 


conditioned to the stimulu patter 


on the trial 
REFERENCES 


& RESTLE, 
concept ide 


ny 5m 
theory of 
Rev., 1959, 66, 278-96 
R., & MOosTeLier, | 
| New Ye 


Estes, W. K 
learning theory 
hology A study 
New York M 
380-491 


(sraw 


(GIBSON 


of the concepts of generalization 


to verbal 


1940, 47, 196-229 


RETENTION 


OF PAIRED ASSOCIATES 


Ik \ssociation by contig 
In Ss Koch (Ed Psyc h ology 1 tudy 
science. Vol. 2. New York: McGraw 
1959. Pp. 158-195 

Hui, C. I Principles of beha 
York: Appleton-Century, 194 

Hui, C. L., HovLann, (¢ 
HALL, M., Perkins, D. 1 
Vathematico-deductive theory of rote 


GUTHRIE, E 


ng. New Haven: Yale Univer. Press, 1940 
R D Individual choice beha 


LUCE, 

New York: Wiley, 1959 
McGeocn, J]. A., & Iron, A. I The 
chology of human learning 
New York 
] Che role of repetition 1 


Psych 


Green, 1952 


Longmans, 
ASssOK 
ning Amer. J 
»-93 

w the: 
Yale 


Behar 
H iven 


Spence, K. H 


New 


troning Univer 
1956 
UnNpDERWOoD, B. J Speed of 
imount retained con 
methodology Psychol Bu 


276-82 


(Received November 6 


uit\ 


Hill 


’ 


lat 


y and cond 
Press 





Journal of Experimental Psychology 
1960, Vol. 60, No. 6, 340-348 


EFFECTS OF TASK DEFINITION AND PROBABILITY OF 
REINFORCEMENT UPON THE ACQUISITION AND 
EXTINCTION OF IMITATIVE RESPONSES! 


VERA T. KANAREFF 


AND JOHN T. LANZETTA 


Fels Group Dynamics Center, University of Delaware 


In a previous experiment (Kanareff 
& Lanzetta, 1958) the effectiveness 
of the probability of reinforcement in 
modifying the level of imitation was 
found to vary with the prevailing 
social sanctions regarding 
Apparently anticipation of disap- 
proval for imitation inhibited the 
use of imitative responses even though 
they were instrumental to goal at- 
tainment. The present study tests 
the generality of these findings by 
imposing the imitation paradigm on a 
different task and by ascribing the 
to another 
It also provides- aii opportunity for 


its use. 


social sanctions source. 
examining the imitative response un- 
der conditions of “‘extinction.””. With 
data on of imitation 
and other social responses so meager 


the extinction 


at the present time, it is not known 
whether or not the parameters govern- 
ing the extinction of socially neutral 
responses would operate similarly on 
a social response such as imitation. 
The negative and positive sanctions 
in the previous studies were induced 
through instructions stressing either 
the desirability of separate judgments 
or the facilitating effect of working 


in a group, respectively. The per- 


‘This research was supported in part by 
the United States Air Force under Contract 
AF 33(616)-5845, monitored by Aero Medical 
Laboratory, Directorate of Research, Wright 
\ir Development Center, Wright-Patterson 
Air Force Base, Ohio 

The writers wish to express their apprecia 
tion to Jo Ann Davis for her assistance 
collecting and analyzing the data, and 
Juanita Randolph for her 
analyzing the data 


in 
to 


assistance in 


ceived source of sanctions may well 
have been the experimenter and Ss . 
may have performed as they thought 
the experimenter wished them - to 
perform. It was thus desirable to 
replicate the findings in situations 
where expectations of approval were 
likely to be already well established 
through the socialization process and 
independent of the experimenter. 
Although imitation may have been 
strongly and indiscriminately rein- 
forced early in his development, an 
individual must eventually learn to 
discriminate between those situations 
in which imitation is legitimate and 
those in which it is not. Since feed- 
back to of the 
criminations is likely to be proba- 
bilistic and since the discriminations 


as correctness dis- 


should generalize to other situations 
differing in some degree on one or 
more dimensions from the situations 
he the individual 
may required rather to form 
judgments the likelihood that 
imitation would be legitimate in a 
given situation and classify 
social situations on the basis of such 
judgments. 


has encountered, 
be 


of 


social 


One situation which was expected 


of the 
college 
students was a test of problem-solving 
ability. Schein (1954) attributed the 
ol 
adults, in part, to their compunctions 


to elicit low 


legitimacy 


expectations 


of imitation for 


low level imitation. among his 


about cheating (imitating) on a test 


and being caught at it. Even when 


a stooge gave objectively correct 
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answers on a visual test (allegedly 


part of a new IQ test being tried out 
by the Board of Education) Luchins 
(1944) that all 


found not children 


would imitate the stooge’s responses. 


Apparently, concern about cheating 
(imitating 
for it 
that 


situations 


and getting into trouble 
Thus it 


a comparison between test-like 


was aroused. seemed 


and less achievement-ori- 
ented or ego-oriented situations would 
be desirable. The situation selected 
for comparison was a gambling or 
guessing one, for imitation was ex- 
pec ted to be more socially acceptable 
when than ability 


outcomes. 


chance rather 
determined the 
A further motivation for employ- 
ing these particular situations was 
that comparable socially 
Good- 


found a higher concentra- 


data la 
neutral response 1s available. 
how 1955 
tion of choices of the more frequently 
occurring event for a gambling task 
as compared with a problem-solving 
task in a Humphreys’-type guessing 
situation. Both Goodnow’s findings 
the above rationale lead to the 


same prediction: when imitation is 


and 


instrumental, imitative responses will 
be more frequent under the gambling 
definition of the task than 
the problem-solving definition. 


under 
How- 
ever, no differences between the two 
task definitions are expected when 


imitation is not instrumental to 


success. 


METHOD 
General Proceduri 


rhe procedure was a modification of 


previously used procedures (e.g., Lanzetta 


& Kanareff, 1959 Three Ss, 
separate, partially enclosed booths preventing 


os 


seated in 


intercommunication, predicted whether a red 
or green light would flash on. Each S indi- 
cated his prediction by pressing the appro- 
priate key on the response box, a small metal 
box containing two response keys and two 
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The three Ss were told 
they would give their predictions in a fixed 
order and that the judgment of one of the 
two other persons would be indicated by the 
pair of lights directly above his response keys 
Since all three Ss were instructed that their 
at d 
since the signal lights in the booths were all 
connected A 


pairs of signal lights 


partner would give his judgment first 


on a central control console, E 


could present a programmed sequence of 


“partner's” judgments to each S 
The correctness of S’s choice was indicated 
by the top pair of lights (red and green) on 
the response box, the sequence of these lights 


also being prearranged 


Experimental Conditions 


Probability of reinfore ement | he seq uence 
of events to be predicted and the correspond- 
two for the partner 


blocks of 10 


there be 


ing response sequences 
randomized within 
that an equal 
and predictions 


Where equal distribution of the two choices 


were trials 


with the restriction 


number of “‘red' “oreen”’ 
was not possible the odd choices were bal- 
inced over blocks of trials 


response 


Che two partner's 
formed the 
8 and 5 
trials constituted 
and the 
trials, the extinction period. 


sequences two prob 
abilities of reinforcement, 
The initial 100 


acquisition period 


the 
remaining 50 
During acquisi- 
tion, 80% of the partner's predictions were 
correct in the :8 reinforcement condition and 
50% of them were correct in the .5 reinforce- 
ment condition. During extinction, 50% of 
the partner's predictions were correct 
both reinforcement conditions 

Definition of task: half the Ss the 
task was defined as a problem-solving test 
rhe relevant portion of the instructions is as 
follows: 


lor 


For 


There has been a growing interest in the 
field of psychology 


in tests of problem- 
solving behavior. 


We, in particular, are 
interested in testing your ability to solve 
problems when clues are not readily avail- 
able. In this test we will see how accurately 
you can predict which of two lights. will 
flash on. Although this is a difficult 
problem-solving test, most of our subjects 
get at least 80% of their predictions cor- 
rect Remember, 
problem-solving 


this is a test of 
behavior, and we are 
interested in testing your ability to solve 
problems where clues are not readily avail- 
able. In this test we will see how accurately 
you can predict which of two lights will 
flash on. Although this is a difficult 
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problem-solving test most of our Ss do get 
at least 80% of the predictions correct. 


The task was defined as a gambling game 
to the rest of the Ss: 


There has been a growing interest in the 
field of psychology 
We, in particular, are interested in seeing 
how well people can do at guessing a series 
of things when they have 
clues to guide them. In this study we will 
see how accurately you can predict which 
of two lights will flash on. Although 
this is purely a guessing game, most of our 
Ss get at least 80% of their predictions 
correct. a study 
of are 


ested in seeing how well people « 


in guessing behavior 


no observable 


Remember, this is 


“ouessing behavior’ and we inter- 
i do at 
guessing a series of things when they have 
We 
want to see how accurately you can predict 
which of two lights will flash on. Although 


our Ss do 


no observable clues to guide them. 


this is a guessing game most o 
get at least 80% of the predictions correct 
Experimental Design 


rhe probabilities of 
and the two task descriptions form a 2 X 2 


two reinitorcement 


94 


aa 


MEAN NUMBER OF IMITATIVE RESPONSES 


Problem Solving .80 

Gambling .80 

Combined .50 
ACQUISITION 
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Fr “%s 
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['wenty-four male and 24 
female Delaware 
student randomly assigned 
in three-person groups of the same sex to the 
four cells of this design with the restriction 
that each cell 
groups of each sex 


factorial design. 
University 
volunteers 


ot summer 


were 


contain an equal number of 
judg- 
ments indicating agreement with the partner) 
per block of 10 trials is the major dependent 
variable \ 
aspiration level and estimates 


The number of imitative responses 


questionnaire assessing S's 
f his success, 
his partner’s success, and of the amount of 
agreement with the partner was also used to 
provide data about S’s expectations in the 


experimental situation 


RESULTS 


Imitative Responses 


The prediction had been made that 
a higher level of imitation would ob- 
tain throughout the acquisition period 


for gambling than for problem solving 
imitation instrumental ; 
no difference in level. was expected 


when was 


a. 


EXTINCTION 





BLOCKS 





7 8 9 


OF TRIALS 


14 


‘an number of imitative responses per block of 10 trials as a function 
of task definition and probability of reinforcement. 
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RESPONSES 


rABLE 1 


REND ANALYSES OF IMITATIVE 


RESPONSES UNDER THE 


5 AND 


PROBABILITIES OF REINFORCEMENT 


\. Overall trend 
1. Linear 
2. Quadrati« 
3. Cubic 
4. Deviation from 
B. Bet. grp. means 
i. Desc ription 
b. Sex 
ce. DxS 
Bet grp trends 
1. Linear 
i. D 
bh y 
yoxs 
». Quadrat 
| D 
b. S 
& ox 
3. Cubic 
i. D 
b. S 
r D ee 
4. Deviations 


D. Bet. ind 
I set. ind 
l I near 
2. Quadrati« 
3. Cubic 
4. Deviation fro 
lotal 


means 
trends 


Contrary 
problem-solving and 


otherwise. to prediction, 
the gambling 
acquisition curves reached and _ fluc- 
tuated about a level under 
the .8 reinforcement (see Fig. 1 

The level, 
attained much more rapidly by Ss 
solution. An 


common 


common however, was 
problem 
orthogonal trend 
1956) of the acquisition data in the .8 


reinforcement condition indicates that 


involved in 


analysis (Grant, 


the two curves differ significantly in 
their cubic and almost 
significantly in linear com- 


components 
their 


(2.96 
0409 
3.89 
OO8S 
4.53 
10.36 
2.40 
26.67 


2.01 


2.06 


03 
04 


11.90 


ponents. The summary of the trend 
analysis is given in Table 1. 

When imitation 
mental to task 


prediction was upheld. 


instru- 
the 
In the orthog- 
onal trend analysis of the .5 reinforce- 


was not 
achievement 


ment condition, also summarized in 
Table 1, none of the description effects 


of the components, nor any of the 


components of the Between Groups 
lrend, nor the Between Groups Trend 


itself is significant. 
A comparison of the trend 
analyses indicates that the two acqui- 


two 
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sition curves differ significantly in 
their linear and cubic components, the 
.8 reinforcement curve having signifi- 
cant linear, and cubic overall trends, 
and the .5 reinforcement curve having 
no significant overall trends (see Fig. 
2). In both analyses large individual 
differences in response to the experi- 
mental manipulations are evident. 

An analysis of variance over the 
acquisition trials of both probability 
of reinforcement conditions contrib- 
uted little additional information but 
the 
level of 


confirmed earlier finding of a 


higher imitation under .8 


reinforcement, the means per block 


of trials being 6.78 and 5.38 for the 
.8 and .5 reinforcements, respectively. 
the 
significant Probability of Reinforce- 
ment X Sex interation. 
range test (1955) results on the means 


The only additional finding is 


The Duncan 


ACQUISITION 
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rABLE 2 


IMITATION MEANS FOR PROBABILITY O1 
REINFORCEMENT X SEx* 


Probability of Reinforcement 


80 


Men 7.20" 
Women 6.35%" 


* Those means marked with a letter in common do 
not differ significantly at the .05 level according to the 
Duncan range test. 


are presented in Table 2. Both men 
and women imitated more in the .8 
than in the .5 reinforcement condition, 
the difference being significant only 
forthe men. Differences between the 
sexes were not significant in either of 
the probabilities of reinforcement 
Men may be more concerned about 
being successful than about the legiti- 


macy of the means employed, whereas 
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BLOCKS OF TRIALS 


Mean number of imitative responses during acquisition and extinction 
trial blocks for .8 and .5 probabilities of reinforcement. 
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TRIALS 


Cumulat 

event under the 
women may be more concerned about 
using legitimate means. 

As in previous studies of imitation 
(Kanareff & Lanzetta, 1958; Lan- 
zetta & Kanareff, 1959), the cumula- 
tive proportion of the instrumental 
imitative both .8 rein- 
forcement conditions approaches but 


response in 
remains below the cumulative propor- 
tion of the corresponding reinforcing 
event throughout acquisition 
The extent of undermatching 


lose 
Fig. 3). 
again is determined by the experi- 
mental Although the 
level of imitation under the .8 rein- 


conditions. 


forcement does drop during the initial 
part of the extinction period,’ it rises 


again later (Fig. 2). No significant 


differences were found betweén gam- 


bling and problem solving during 


extinction. 
tThe term extinction is not used in the 
usual sense of complete withdrawal of all 
reinforcement shift to continuous 
reinforcement of the other response alterna- 
tive. 


nor as a 


ve proportions of the imitative response and its reinforcing 
8 probability of reinforcement 


Questionnaire Responses 


In general, Ss overestimated their 
partner's suceesses when the partner 
was correct 50% the time, esti- 
mating on the average 59.17% 
rect, gave significantly 

estimates when he 
80% and 50% of 
estimating the 
correct. Similar results were 
obtained in previous studies (Kana- 
reff & Lanzetta, 1958; Lanzetta & 
Kanareff, 1959). However, as indi- 
cated by the significance of the 
Probability of Reinforcement X Task 
Definition X Sex interaction in the 
analysis of variance of these deviation 


ol 
cCofT- 
and 
accurate 
correct 
time, 


= geen 
71.259, 


more 
was 
the 


average 


then 


on 


scores, the relationship obtained only 
for the men engaged in the gambling 
task. The test re- 
sults on the appropriate means are 
given in Table 3. 


Duncan range 
With the exception 
of the men with .8 probability of rein- 
forcement, the gambling Ss_ over- 
estimate the partner’s performance 
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TABLE 3 
DEVIATION MEANS FOR PROBABILITY 
OF REINFORCEMENT X TASK 
DEFINITION X SEX* 


Probability of Reinforcement 
Task 


Definition 


Problem 
Solving 


Gambling 


* Those means marked with a letter in common cd 
not differ significantly at the .0S level according to t 
Duncan range test 
significantly more than the problem- 
solving Ss. 

The Ss 
their 


generally underestimate 
agreement with the partner 
significantly more when the task is 
gambling task (a 
deviation of 10.83%) than when it is 
described as a problem solving one (a 


described as a 


deviation of 2.00%); also men under- 
the amount of agreement 
more than women 
pared with .62%). 

There were no significant findings 
than individual 


estimate 


(12.21¢ ( as com- 


other differences it 


the remaining analyses of the ques- 


tionnaire data. 


DISCUSSION 


Several earlier findings concerning the 
effects of probability of 
of imitation on imitation in the judg 


reinforcement 


ment of tones were confirmed in a verbal 
\ relatively 
results 


conditioning situation: (a) 
typical 
the application of a .8 


acquisition curve from 
reinforcement 
whereas a 


schedule .5 schedule yields 


a curve which wanders about the event 
matching Undermatching 


of the reinforcing event occurs through- 


value. (b) 


out acquisition when imitation is instru 


mental, the extent of undermatching 


being determined by the experimental 

conditions. 
Goodnow's findings (1955) and our 

theoretical rationale had led us to expect 


more rapid acquisition and a higher level 


KANAREFF AND JOHN T. 


LANZETTA 


of imitation under the gambling task 
definition than under the problem-solv- 
fact, 
level of imitation in early trials was much 


ing definition. In however, the 
higher for problem solving, the level of 
imitation approaching a level common 
to both task later in the 
icquisition period. 

Apparently, findings are 
not directly generalizable to the imita- 
tion paradigm, nor does the legitimacy 
variable appear to function as predicted. 


definitions 


Goodnow's 


A reanalysis of the imitation paradigm 
as a discrimination learning experiment 
would point out a 


basic difference in 


procedure between Goodnow’s study 
and the present one and at the same time, 
account for the obtained results. 

In the imitation 
criminative 


tions) 


paradigm the dis 


stimuli (partner's predic 


are reliable (correctly anticipate 
the event to be predicted) on a given 
proportion of the trials and is reversed 


on the remaining proportion. In the .5 
both 


followed by 


reinforcement condition, discrimi 
native 


event 


stimuli are each 
with a .5 probability; in the .8 
reinforcement condition S, is followed 
by E,; and Sz by Es with a .8 probability 
while the reverse relationship between 
partner’s predictions and events to be 
predicted occurs with a .2 probability 

immediately 
theory 


Two predictions follow 
statistical and 
experimental findings on discrimination 
learning (e.g., Estes & Burke, 1955). 
The learning curve for the .5 
reinforcement condition 


from learning 


mean 
should vary 
around five imitative responses on each 
block of trials during acquisition and 
extinction. The 
for the .8 reinforcement condition should 
approach an asymptote of eight imitative 
With only 100 acquisition 
trials, however, and with discrimination 
learning proceeding 
verbal 


mean learning curve 


responses. 
slowly than 
and 
discrimination learning proceeding more 
slowly 


more 
simple learning, “‘social”’ 
discrimination 
learning (Neimark, 1959), undermatch 
ing of the asymptotic value should hold 
throughout acquisition. During extine 
tion the mean .8 reinforcement learning 
curve should drop slowly toward five 


than nonsocial 
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the 
crimination is being learned, or 
the old rhe 
consistent with these predictions 

The initial 
observing response, any response result 
the of discrim 
native stimuli involved in discrimination 
(Wyckoff, 1952), 


W hen 


imitative new dis 


rather 


responses, as 


one, unlearned. data are 


tendency of making an 


ng in exposure to pair 


earning should _ be 
iigher 
problem solving and Ss 


that 


the task is defined as 


are instructed 
clues are not readily available than 
vhen it is defined as gambling and Ss 
that 


Consequently 


are instructed no observable clues 


are when the 
better 
chance reliability, the gambling group 
should the 


slowly than the problem-solving group 


present. 


discriminative stimuli have than 


learn discrimination mort 
and the difference between them should 
be especially marked on the early trials 
When the 
only chance 
the 
\gain -the. data are in accord 


discriminative stimuli have 


reliability no differences 


between two groups is anticipated 


with the 
predictions | 

Although 
analysis provides an excellent 
of the 
account for the tendency of the gambling 
the 
stimuli and under 


the discrimination learning 


account 


imitative response, it does not 


group to overestimate reliability 
of the discriminative 
the discrimi 
thar 


the problem-solving group, nor does 


estimate its utilization of 


native stimuli significantly more 
it account for the experimental results 
of the Kanareff & Lar 
zetta, Consideration of the 
utiliza 
would 


earlier 
1958). 


prevailing sanctions towards the 


study 


tion of discriminative cues seem 
especially vital for social discrimination 
learning where the discriminations based 
on information about another persons’ 
behavior are likely 


utilized in full, or at all, in spite of a high 


more not to be 
occurrence of observing responses and 
a high degree of discrimination (e.g., 
Luchins, 1944; Neimark, 1959; Schein, 
1954). 

In the present study the experimental 
manipulations of the 
and 
may have 

utility of 


expectations of 


social approval disapproval for 


imitation 
fected the 


simultaneously af- 


task success and 
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the utility 
and disapproval as well as the prob 
the 
contamination of 


failure or of social approval 


occurrence of observing 
The the 


experimental manipulations might then 


ability of 


response. 


account for the failure of the legitimacy, 
variable to operate as predicted. An 
that the 
about another person's 


other possibility is utilization 
of information 
behavior to learn a principle or as a 
result of applying a principle in problem 
considered to be legiti 
Only infor 
mation is used simply to get a high score 


solution may be 
mate behavior. when such 
would it be perceived as less appropriat« 
in problem solution than in gambling 
The importance of the prevailing san« 
tions towards the utilization of discrimi 
native cues in discrimination learning is 
an issue that obviously requires further 


empirical determination. 


SUMMARY 


The level of imitation was previous! 
found to be a function of both its probability 
of reinforcement and the prevailing 
sanctions (Kanareff & Lanzetta, 1958 
study tests the 


inother task and 


} 


social 


The 


present generality of these 


findings to inother source 


of sanctions, and also examines the imitative 


under conditions of “extinction.” 
Several of 

firmed: (a) A 

results under a 


response 


the earlier findings were co 


relatively typical acquisition 
8 reinforcement scheduk 
5 reinforcement schedule fluctuates 
about five imitative responses on each block 
of trials. (b) The extent of undermatching 
of the reinforcing event when imitation is the 
instrumental response is determined by the 


curve 


whereas a 


experimental conditions 


rhe predicted difference in the level and 


rate of acquisition of imitation between the 


gambling and problem-solving task defini 
which expected to 
arouse differing expectations as to the legiti- 
macy of imitation, did not obtain. The level 
of imitation was much higher for problem 
solving in the early trials; later in the acqui 

sition period it reached a level 


both task definitions 


tions, definitions were 


common to 


The differentiation between 
and rote utilization of ‘‘social’’ discriminative 
stimuli is an extension of the distinction made 


by Luchins (1944 


rote imitation 


cognitive 


between cognitive and 
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A reanalysis of the imitation paradigm as a 

discrimination learning paradigm provides an 

excellent account of the present set of results 


but statistical learning theory and empirical 


findings on rate of acquisition of discrimina- 
tion learning do not consider the possibility 
that information another person's 
behavior may not be utilized in spite of a 
high occurrence of observing responses and a 


about 


high degree of discrimination 
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ACQUIRED DRIVE STRENGTH AS A JOINT FUNCTION 
OF SHOCK INTENSITY AND NUMBER OF 
ACQUISITION TRIALS! 


MELVIN L. 


GOLDSTEIN 


University of Illinois 


Empirical laws describing the growth 
and decay of aversive responses have 
not been established with the degree 
of generality implied by such theo- 
retical constructs as ‘‘acquired drive,”’ 
“fear,”’ and “anxiety.”” This state 
of affairs is attributable to the use of 
diverse conditioning procedures with- 
out sufficient their 
complex effects on criterion responses. 
The study therefore 
designed to explore the joint effect 

shoc k in- 
trials 
relatively simple aversive conditioning 
situation. 


consideration of 


present was 


of several magnitudes of 


tensity and acquisition in a 


The acquired drive paradigm con- 
of two 


ts “classical” 
acquisition session during which a 
neutral stimulus is paired with a 
UCS of fixed duration, and a test 
that the effects of 
CS presentation the of 
shock. The test may require the 
acquisition of new responses that are 
motivated CS onset 
forced by CS termination (Brown & 
1949; Kalish, 1954), or it 
may require performance of previously 
learned (Mathers, 1957) or “innate” 
(Brown, Kalish, & Farber, 1951) 
response sequences. Acquired drive 
in such experiments, is 
to be directly related to 
strength of the test response. Modi- 


phases: a 


sis 


session measures 


in absence 


by and rein- 


Jac obs, 


strength, 
assumed 


! Based on a dissertation submitted to the 
Graduate College of the University of Illinois 
in partial fulfillment of the requirements for 
the PhD degree. G. Robert Grice directed 
the study and contributed to the solution 
of numerous problems that 
the investigation. 


arose during 


fications of the test procedure that 
emphasize the development of com- 
peting responses (Dinsmoor & Camp- 
bell, 1956a, 1956b) or of inhibitory 
(Libby, 1951) yield test 
responses that are weakened by CS 
onset and presumably reflect an 
inverse relation between the dependent 
variable and acquired drive strength. 

The experiment 
factorial design and Kalish’s (1954 
acquired drive method to investigate 
the aversive of CS as a 
joint function of four CS-UCS pairing 
levels and UCS; 
the levels selected for both variables 


processes 


present used a 


properties 
three intensities of 


covered a broad range of magnitudes. 
It was predicted that, under these con- 
ditions, the function relating strength 
of a hurdle-jump test response to the 
number of CS-UCS pairings would be 
different at each shock intensity level 
and that a significant 
would found between the 
independent variables. It was sug- 
gested that the three functions might 
reach the same maxima at rates vary- 
ing directly with shock intensity. 


interaction 


be two 


METHOD 
Experimental Design 


4 34X10 mixed factorial 
Lindquist, 1953, pp. 281-284) was used in 
order to facilitate the analysis of repeated 
measurements of the test response and to test 
the hypothesis that the two independent 
variables interact in their effect on perform- 
ance. The three columns and four rows of the 
design corresponded, respectively, to the 
levels of shock intensity number of 
CS-UCS pairings: 100-, and 790-y 
ac delivered through a resistance of 


design 


and 
150-, 
fixed 
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250,000 ohms; and 1, 3, 9, and 20 “‘classical”’ 
CS-UCS presentations. The third dimension 
of the represented the 
hurdle-jamp test trials (ten 

was the for all Ss 


number of 
3-trial blocks) 
The design 


design 


and same 


therefore contained 12 independent experi- 


mental groups 

Eight Ss were assigned at random to each 
of the 12 
ately 


immedi- 
of the experiment. 


treatment-combinations 
before the start 
Four Ss belonging to the same group wert 
given their appropriate number of CS-UCS 
pairings, at the proper shock level, 
taneously during the classical 


simul- 
conditioning 
session. The order of running was random- 
ized for the squads of 4 Ss and was maintained 
unchanged throughout the experiment. The 
Ss within each squad were run in random 
order on the first trial of the hurdle-jump 
and in the 
subsequent test trials 


test session same sequence on 

A control group of 8 Ss was given 20 back- 
ward conditioning trials at the 790-y 
level rhe 
this group but the order of running was not 
randomized: 4 control Ss 
the middle of the study, after data had been 
collected for 48 experimental Ss, and 4 were 
run at the end Treatment of the control 
hurdle-jump test 


sho k 
Ss were assigned at random to 


were run during 


during trials was 


identical with treatment of experimental Ss 


group 


Subjec ts 


The Ss 
male albino rats, 


were 104 experimentally naive 
supplied by the Holtzman 
Company, Madison, Wisconsin, and housed 
in the animal room maintained by the psy- 
chology department of the University of 
Illinois They were 94 days old on arrival 
and 119-136 days old at the beginning of the 
Although Ss rar i 
356 to 452 gm 


experiment weight 
at the start of the ex 
periment, the mean weights of the 13 groups 
were restricted by the sampling procedure to 
399.5-424.8 om There 
systemati 


from 


was no evidence of 
differences among these means 
The Ss were adapted to the living condi- 
tions of and to E, for a 
period of approximately 30 days after arrival 
They 


the animal room 
wire 
with 
free 
access to tap water and Purina laboratory 
chow They were 
ipproximately 3 


were housed two Ss per cage in 
floors 


were 


cages containing metal covered 


wood-shavings and permitted 
handling for 


during the 


tamed by 
min. per day 
first 7 days of this pre-experimental period 
and were weighed every two or three days 


thereafter until the first experimental day. 
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Overhead lights that illuminated the animal 
room were left on whenever Ss were handled 
or run 

conducted 
Four Ss in 
were 


The experiment 
between 8:30 P.M 
the control 


proper was 
and 8:30 A.M 

group, however, unavoid- 
ably run during the late morning and early 


afternoon 


Apparatus 


he apparatus consisted of four identical 
boxes; each was divided by a guillotine-type 
door and a hurdle into two compartments of 
equal size that contained a grid floor in one 
partition and a floor in the other. 
The compartments were 10 in 
and 63 in. high 
Che hurdle was 2 in. high and was surmounted 
by a door that, when raised by E, presented 
a 44-in. X 4}-in. opening through which S 
could jump from the grid to the wooden floor 
The hurdle was made of thin gauge aluminum 
sheet The grid floor 


‘;-in. stainless rods 


wooden 
iong, 5 in. 
wide, 


(inside dimensions 


constructed 
spaced at }-i 
The back of the box was made of 
j-in. plywood, the two end panels were j-in 
white pine, the door was }j-in. Masonite, and 
the front Plexiglas Separate 


hinged Plexiglas lids covered each compart- 


was 
¥: steel 
intervals 


was j-in 


ment and were held securely in place by 
removable Plexiglas clamp that prevented S 
from climbing out of the box. During the 
conditioning session an aluminum clamp held 
the door closed and prevented S from escaping 
into the compartment All 
wooden parts of the box, as well as the hurdle, 
painted with lead-free, flat black, 
A thin polyethylene film covering 


the front of the box 


nonelectrified 


were 
enamel 
served as a one-way 


screen The boxes were arranged in a fow 
on a table and were separated by approxi- 
mately in. beneath the 
grid floor was covered with brown wrapping 
paper. Four black 
of the same 


compartments 


24 in The area 3} in 


wooden carrying cages, 
wo vd floor 
hinged 
were used to transport 


dimensions as the 

and 
hardware cloth lids, 
Ss from the animal room to the experimental 


covered with 


room. 

The compound CS consisted of a series of 
buzzers and lights mounted on the grid- 
sides of the boxes. One buzzer (Edwards, 
No. 15, Size 2) was attached to the outside 
of each grid compartment at the center of 
the end panel and two light bulbs were sup- 
over the other, by a 
that 


The upper light bulb 


ported, one directly 
blac k 


the same end panel. 


iluminum rod was fastened to 
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115 v., 6 w unfrosted) extended 20 
the grid floor; the 115 v. 


was 2 in. below the upper 


above lower bulb 
10 w 
Both bulbs protruded approximately 
the 
lights provided t col 
the 
room 
in the 
with a 


untrostea 
1} is 
into the area grid 


The 


level of 


over compartment 
stant 
four 
The 
four 
grid compartments, Mac 
someter as light reflected from the 
iately 


upper 
background illumination for 
boxes and for the experimental 


levels of background illumination 


measured 
beth illumi 
Standard test plate to a point 
the grid floor 


The | 


lower lights served 
component of the 


ipproxil 
the t ranged 


OS it- 


3 in. above 
from .78 to 
CS and, when 
levels of illuminatio 


exhaust fan located in the 


i ) { 
ed o increased the 

to 5.4-5.8 ft-« \ 
ceiling of the experimental room was 
1 | Measure- 
ments m ice with a Gene ral R idio sound le vel 
Type 759-B showed that background 
four grid compartments 
from the “B" scale 
meter and from 68.5 to 69.5 db on the 
ile \ct 
ised the oise levels 
d to 84-84.5 db on 


| 
used 


source Ol a Masking 


as the noise 
meter 
nol levels in the 


53.5 to 55 db on 


ition of the four buzzer 
84 db on the 
the “C”’ scale 
with the micr« 
ipp! x 
grid floor 


nt ments 
npartmer 


to &3 
ile a 


meter re idings were m ick 


e of the t suspe ided 
ter ol 


other cor 


instrumel 
Hn the ce 
ind with the lids of the 


he 


ctivated sin 


ly 3 in above 


buzzers and lights were always 


iltaneously and were inte 


losed 
rrupted 
at the rate of 2} times per se 

The | 1 60-cvel 
that was co 
250,.000-ohm 
and tour resist were, in turn, connected 
illel. thereby enablir re E to shock four 
ult eco i\ The 


nected to 


CS consisted of irrent 


ducted to acl gria throug i 


series resistor he four 


rs 


par 


etwork formed 


this manner was cot the secondar 


ible 


wes ranging 


il of a vari transtormer capable ot 


volt 1 0 to 1200 vy 


ce live ring 


The primary coil was connected directly t 
the 115-v. line \ 


incorpor ted into the circuit across the 


simpson meter was 


output 
of the transformer ta point 


I the 


and was used to measure 


precedi g 
grid-resistor network 
the three voltages employe in the 
t Voltage 


beginning an ‘ 


experi- 
made at 


onditioning 


were 
ch «¢ 
S810 
Phe 


interval 


durations of CS and UCS, and the 
CS and UCS 
controlled by a 


The 


present ations 


between onset, were 


automatically mechanical 
between suc- 


timed 


device intervals 


CS-UCS 


timing 
cessive were 
with 
the latency 
measured to the nearest 


a stop watch During the test session, 
of each hurdle-jump response was 


01 sec. by a Standard 


and CS were acti- 
that 


Electric. timer; the time: 
vated simultaneously 
made with the guillotine-type 
only when the latter was completely raised 
by E when the door was 
lowered a fraction of an This arrange 
ot the 


thi 


by a microswitch 


contact door 
and broke contact 
ine h 

for 


obtained 


some 


have accounted 
short 


ment may 


extremely latencies 


study 


Procedure 


Day 1 The 


into four 


apparatu 


Adaptation to 


running schedule was divided 


sessions conducted over a four 


period of 
sin cessive d ivs 


designed to idapt Ss to the apparatus 


lhe procedure on Day 1 w 
Four 
belonging to the same group were removed 
from their one S at a 
ind were pla ed directly into the black carry 
iges to which they had previously bee: 
rhe 


a shelf in the animal room where 


living ‘ time 


Ages, 


liv 


issigned at random carrying cages 


were put on 
remained until each had been filled wit! 
Two Ss were then taken to the exper 
another shelf 
transported 


they 


mental room and put on 
until all four Ss had 
S was then placed into each grid-cor 
the 
undisturbed for 1 hr 
during this 


wait been 


Cone 
and Lined 
The E 
hour, but Ss were 
preve the 
the wood-floor compartment by the Pk xigl is 
The 
lights were on throughout this 
either CS nor UCS was activated At 
end of the hour, Ss 
grid compartments to the 


partment, facing door, ren 


there was 
in the room 
nted from leaving box or entering 
background 
but 
the 
the 

’ 


ives and 


and aluminum clamps 


session, 
were removed from 
carrying « 
then were returned to the 
They 
in the animal room two at 
back into the 
from the carrying cages 

Before each squad of Ss was run, the 
were wiped with rubbing alcohol and 


shelf in the experi 
to the 
a time and 


mental room taken back 


helf 


were 


were 


put living cages directl 
grids 
were 
permitted to dry for about 1} hr. Grids were 
also wiped on the conditioning day, but not 
on the hurdle-jump test days 
Classical Day 2 
Day 2, the squad of four Ss was given the 
combination of CS-UCS pairings and UCS 
intensity to This 
session was begun at approximately the sam 


conditioning During 


appropriate its group 
hour as the adaptation session of the preced 
ing The Ss were transported to 
from the experimental room and were placed 
into and taken out of the grid-compartment 
The E 
in front and to the center 
ilitate 


day. ind 


manner described above 
3 ft 
boxes in 


in the was 


seated about 
ol the 


row ol order to fac 
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inspection of the grids for feces and to permit 
presentation of CS and UCS by remote con- 
trol. The interval between CS and UCS 
onset was 4 sec., UCS duration was 1 sec., 
and CS and UCS were terminated simul- 
taneously by the automatic timing system. 
Successive CS-UCS presentations were sepa- 
rated by 3-min. intervals. Since all Ss re- 
mained in the grid-compartment for 69 min., 
regardless of their group, the initial CS-UCS 
presentation occurred during different por- 
tions of the session for the 1-, 3-, 9-, and 20- 
trial groups. The Ss in the 1-trial group 
received their single CS-UCS pairing 66 min. 
after they had been placed into the grid- 
compartment; the remaining groups received 
their initial trials on the 60th, 42nd, and 9th 
min. of the session, respectively. All groups 
were removed from the grid-compartment 
3 min. after the last trial and therefore-had 
been exposed to background cues for equal 
periods of time. Preliminary observations of 
pilot Ss had indicated that many Ss went to 
sleep, under these conditions, before their 
first shock trial. Accordingly, Ss in the main 
experiment were roused 3 min. before their 
initial trial. The E accomplished this by 
opening the box and, whether S was asleep 
or not, momentarily lifting S approximates 
2 in. from the grid floor 
Hurdle-jump test (Day 3).—The 
of this session was to measure the effective- 


purpose 


ness of the classical conditioning procedure 
rhe Ss were required to learn to jump across 
a hurdle from the grid-floor into the wood- 
floor compartment when CS was activated 
and the door separating the two compart 
ments was opened The Ss 
shocked on this day and had 
been over the hurdle. Each S received 
hurdle-jump acquisition trials during a 2-hr 
period that began at about the same hour 
At the start of this 
session, the squad of four Ss was lined up in a 
row on the shelf in the animal room with each 
S in its proper carrying cage. The E then 
took the first S into the experimental room, 
placed the carrying cage in front of the box 
in which S had been conditioned, waited for 
10 sec., then put S into the grid-compartment, 
facing toward the door, and secured the lids 
with the Plexiglas clamp. Ten seconds later, 
the door was quickly raised by E, thus simul- 
taneously closing the microswitch and acti- 
vating CS and the Standard Electric timer. 
The CS and the timer remained on until S 
had crossed over the hurdle into the opposite 
compartment. The E 
the door, thus turning off both CS and the 
timer, and waited for 10 sec. 


were never 


never before 
15 


as the previous sessions. 


thereupon lowered 


before removing 
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S from the wood-floor compartment to the 
carrying cage. The S was left in the carrying 
cage for an additional 10 sec. while E recorded 
the interval between CS onset and termina- 
tion from the timer This interval 
designated as S’s “hurdle-jump_ latency"’ 
for the test trial and was the response measure 
used throughout the experiment The S 
was then returned to the shelf in the animal 
room and remained there for 6 min. while E 
gave the other three members of the squad 
their first test trials in the manner 
This procedure was repeated until the squad 
had received 15 test trials with intervals of 
about 8 min. between CS presentations 

Maximum CS duration permitted on any 
hurdle-jump trial was 30 sec. If S had not 
crossed the hurdle by that time, E lowered 
the door and, 10 sec. later, removed S from 
the grid-compartment. Latencies of 
were recorded for such trials 

Second hurdle-jump test (Day 4 rhe 
second test day was designed to insure devel- 


was 


above 


30 sex 


opment of maximum hurdle-jump response 
strength. 
after Day 


Chis session was conducted 24 hr 
3 with the identical procedure used 
during that session 

Control group.—The purpose of this group 
was to determine whether conditioning had 
occurred to stimuli other than the CS (buzzers 
and lights) specified by E. Adaptation and 
hurdle-jump training were the same 
experimental Ss, but the 
received 20 backward conditioning 
at the 790-\ 


as for 
group 
trials 
level during the classical con- 
ditioning day The between UCS 
termination and CS was 20 se the 
durations of UCS and CS were 1 and 5 sec., 
respectively. 


control 


interval 
onset 


RESULTS 


The hurdle-jump latency recorded 
on each test trial was transformed to 
a reciprocal and then summed over 


blocks of three successive test trials 
for each S individually. The mean of 
a block of three’ reciprocals was the 
score used in a series of analyses of 
variance. 

The original data analysis plan had 
provided for separate analyses of 
variance for Days 3 and 4. It had 
been anticipated that the functions 
relating the response measure to test 
trials would be maximized on the last 
block of Day 3 test trials, for all 12 
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experimental groups, and would show 
no decrement during Day 4. The 
predicted Shock Levels X Number 
of CS-UCS Pairings interaction was 
expected to be homogeneous through- 
out both days and identical in form 
at each test trial level. 
significance of this had 
planned for obtained 
during the latter part of Day 3 and 
all of Day 4. 


An analysis ol 


Tests of the 
interaction 


bee n scores 


variance utilizing 
data from the entire 10 blocks of test 
trials revealed, that there 
a triple interaction, significant 
beyond the 5% level, and that a 
highly significant interaction existed 
between shock levels test trial 
blocks (see Table 1) rhe finding 
of a significant triple interaction 
S X P X T) indicated that the re- 
sponse curves for the 12 experimental 
groups were not parallel and that the 
relationship the 
the two independent 
varied with the test trial 
block used in its determination. The 
significant Shock Level X Test Trial 
interaction (S XK T) indicated, fur- 
thermore, that the persisting effects 
of shock intensity were not consistent 


however, 
was 


and 


between response 


measure and 


variables 


TABLE 1 


COMBINED ANALYSIS OF VARIANCE FOR 
Days 3 AND 4 


Between Ss 
Shock levels (S 
CS-UCS pairings P 
SxXP 
Error (b 
Within Ss 
lest trial 65.33** 
10.04** 
96 
1.47* 
(.0406)* 


6950)" 


STRENGTH 


rABLE 2 


SEPARATE ANALYSES OF VARIANCE 


Days 3 AND 4 


FOR 


Between Ss 
Shock levels (S) 
S XP 
Error 

Within Ss 
Test trials (1 
S xT 

P xT 

SxXP XI 

Er 


») 


ror (w 
Total 


* Error estir 
*P < OS 
—P < O1 


throughout the test period. The test 
period was therefore decomposed into 
smaller segments before the Between 
Ss comparisons were evaluated. 

Table 2 shows the results of sepa- 
rate analyses of the response measures 
obtained on Days 3 and 4. The 
triple interaction was significant on 
the second test day but not on the 
first; the S K T interaction reached 
the 1% level on both days. The form 
of the significant Shock Levels K Test 
Trial Block 


in Fig. 1. 


interaction is depicted 


The three curves contained 


in this figure were constructed by 
combining all levels of CS-UCS pair- 
ings for each shock intensity level: 


each curve therefore represents the 


atc) 


MEAN RECIPROCAL LATENCY 


15 o” 


rest vesacs 
Fic:  --Effect on performance of condi- 


tioning with hjgh (H), medium (M), and 
low (L) shock ifttensities. 
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(“ac) 


EAM RECIPROCAL LATENCY 





oe 9? 


Test Terace 


lic. 2. Effect on performance of conditioning 
with 1, 3, 9, and 20 CS-UCS pairings 


means of successive response 
ures yielded by 32 Ss that were 
conditioned with the same intensity. 
Figure 1 shows that reciprocal laten- 
cies of high-shock groups were de- 
pressed on the early trials of the first 
test day, recovered on the later trials, 
and exhibited further growth during 
the second test day. The medium- 
and low-shock the other 
hand, reached response 
3 and 
thereafter. Figure 2, 
structed in a similar manner, shows 
the effect of variations in the number 
of CS-UCS pairings on the response 


meas- 


groups, 


maximum 


on 


strength by the end of Day 


declined con- 


measure at successive portions of the 
test period. For this figure, all levels 
of shock intensity were combined 
for each CS-UCS pairing level; each 
curve represents repeated measure- 
ment 24 Ss. The nonsignificant 
interaction between CS-UCS Pairings 
and Test Trial Blocks (P xX T 
Table 2) indicates that the hypothesis 
of parallel curves cannot be rejected 
for Fig. 2. 


of 


in 


The effect of this independ- 
ent variable, therefore, was consistent 
throughout the test period. 

The results of analyzing the test 
period into still smaller components 
in Tables 3 and 4. 


contains summaries 


are presented 
table 
analyses of variance computed using 
test 


Each ol 


data from two adjacent trial 
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rABLE 3 


ANALYSES OF VARIANCE FOR TRIALS 4-9 
AND 10-15 (Day 3) 


blocks. 


significant 


Both tables show that all 

Within Ss_ interactions 
were thereby eliminated, thus per- 
mitting Between Ss 
effects for the last, and next to last, 
block of six test trials on each test 
day. Figures 3A-D illustrate the 
between the response 
measure and the independent vari- 
ables at successive portions of the 
test period. The shock intensity 
effect is depicted as a parameter of a 


evaluation of 


relationship 


family of three curves which describe 
the response measure as functions of 
the number of CS-UCS 
Each point represents 8 Ss that were 


pairings. 


rABLE 4 


\NALYSES OF VARIANCI 
AND 25-30 


FOR TRIALS 19-24 
Day 4 


Between Ss 
Shock levels (S 
CS-UCS pairing P 
[xP 
Error (b 

Within Ss 


0216)* 
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MEAN mecipnocar vatency (ec) 





4 
, 





wUMmete OF CS UCS PAIRINGS 





C. test WiAls W 2a 


Yec?) 


| a 


LATENCY 


MEAN RECIPROCAL 


wumete * CS-UCS Palin 


Fic. 3 


MEAN eecHPROcAL LATENCY (Vee 





CS UCS PAIRINGS 


mumeee OF CS UCS PAIRINGS 


Response strength as a joint function of number of CS-UCS pairings 


and shock intensity at suc essive portions of the test session 


the 12 com- 
binations of the independent variables. 
Comparison of Fig. 3A-D shows that 
shock intensity exerted greater influ- 
with test trials. 
This interpretation is supported, of 
course, by the significant S X T inter- 
action previously described in Fig. 1 
and reported in Tables 1 and 2. It 
receives further support from F ratios 


conditioned with one of 


ence progressive 


computed for the main effect of shock 
at successive stages of the 
ratios did 
significance the end of 

(Table 3B), but 
they remained significant, thereafter, 
well beyond the 1% level (Table 4 
and Fig. 3C, 3D). The CS-UCS pair- 
ings variable, on the other hand, con- 


intensity 


test period. These not 


reach until 


Day 3 3 and Fig. 


tributed significantly to Between Ss 


variance, beyond the 5% level, through- 


out the four (Tables 
3 and 4). 

The predicted interaction between 
shock levels and number of CS-UCS 
pairings (S X P) was significant be- 
yond the 5% level only at the end of 
the second test day (Table 4). Figure 
3D illustrates the form of this inter- 
action and should be compared with 
Fig. 3B which shows the relationships 
established at the end of the first test 
day. The nonsignificant S < P inter- 
action (Table 3) obtained for Test 
lrials 10-15 indicates that the hy- 
pothesis of parallel curves cannot be 
rejected for Fig. 3B. The significant 
S X P interaction shown in Fig. 3D 
reflects further increments in response 
strengths of high shock Ss, particu- 
larly the 9- and 20-trial groups, and 
decrements in speeds of medium and 
low shock Ss. 


test periods 
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A series of F ratios was computed 
in order to test several hypotheses 
concerning the shapes of the functions 
shown in Fig. 3D. These were not 
post hoc comparisons but had been 
planned in the event of a significant 
S X P interaction. The error term 
employed was the Between Ss 
residual for Test Trials 25-30 (Table 
4). The hypotheses that the three 
curves coincide could not be rejected 
for the 1 CS-UCS pairing level 
(F = .92; df = 2/84), but it was 
rejected for the 3, 9, and 20 CS-UCS 
pairing levels (F = 3.43, 13.20, 14.74, 
respectively; df = 2/84). Compari- 
sons of two curves at a time indicated 
that the high shock level was respon- 
sible for the S X P interaction: sig- 
nificant interaction F ratios were 
obtained: for the high shock vs. 
medium shock and the high shock vs. 
low shock comparisons (F = 3.09, 
3.31, respectively; df = 3/84), but 
not for the medium shock vs. low 
shock comparison (F = .66; df = 3/84). 
In addition, the hypothesis that the 
curves for the medium and low 
shock groups coincide could not be 
rejected (F = 2.96; df = 1/84). 

Table 5 presents the results of a 
comparison between the control group 
and the experimental group that re- 
ceived 20 CS-UCS pairings with high 








Mian @ECIROCAL LATENCY (Yeec.) 


ea 


12 11S «2 OWRD 2 


TEST Teas 


Fic. 4. Performance curves for the high 
shock, 20 CS-UCS pairings, experimental 
group and for the control group. N = 8 for 
each curve. 
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rABLE 5 


ANALYSES OF VARIANCE FOR COMPARISON 
oF ConTROL Group with HiGcH 
Suock, 20 CS-UCS PatrinGc 
EXPERIMENTAL Group 


Between Ss 
Control vs x} 
Error (b) 

Within Ss 
Test trials (1 20.87** 
EC XT 2.30 


(.0490)* 


4.84* 
1666)* 


84 
| 4.93** 
(.0349)* 


shock. The hurdle-jump acquisition 
curves for these groups, contained in 
Fig. 4, show that the control group 
learned the test response on Day 3 
but decreased its performance speed 
on Day 4. The experimental group, 
however, responded at a significantly 
faster rate than the control: the F 
ratio computed for the Between Ss 
effect was significant beyond the 5% 
level on both days (Table 5). rhe 
significant Within Ss_ interaction 
(Table 5) for Day 4 indicates that 
the two curves diverged on the second 
test day. 


DISCUSSION 


The major finding of this experiment 
is that variations in shock intensity 
and number of CS-UCS pairings intro- 
duced during aversive conditioning inter- 
act in their effect upon subsequent 
acquisition and performance of a hurdle- 
jump only during the later 
stages of the test period. This result 
partly confirms the prediction, derived 
from a 


response 


review of apparently contra 
dictory studies of the conditioning trial 
parameter, regarding the importance 
of shock intensity as a potentially con 
founding variable in such determinations. 
The heterogeneity of the obtained inter- 
action does not, however, correspond with 
the prediction. The 


particular form 
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exhibited by the interaction is, moreover, 
contrary to the expected one. 

An examination of 
data had led to the 
the relationship 
and 
could best 
by a 


(1954) 
that 
conditioning 
performance 


Kalish’s 
conclusion 
between 
maximum test 
be described, in that study, 
positively function. 
The notion that still higher shock levels 
would require fewer conditioning trials 


trials 


accelerated 


to attain a performance limit, thereby 
yielding a negatively accelerated func- 
tion, had been proposed by Kalish (1954) 
and Mathers (1957). In the present 
experiment, the form of the predicted 
interaction was expected to reflect some 
combination of The ob- 
tained interaction (Fig. 3D) does indeed 
contain a negatively accelerated function 


such curves. 


at the high shock level, but the curves 


for medium and low shock groups are 


decidedly irregular in shape. Compari 


son of these functions with the curves 


‘shown in Fig. 3B, where the interaction 
is not significant, reveals that perform 
different 
stages of the test period by the 


ance limits were reac hed at 
three 
shock groups 

The mechanisms underlying the inter- 
action are not immediately 


but it may represent nothing more than 


obvious. 


an artifact resulting from crude measure- 
ment of a complex test response. Long 
hurdle-jump latencies occurred not only 
when Ss failed to maintain their orienta- 
tion toward the door, or were slow in 
crossing the barrier, but also when CS 
elicited behavior 


onset incompatible 


with the test response. Such competing 
characterized 


disoriented, 


generally 
by immobility, or 
nongoal directed activity. 


responses were 


else by 


The most plausible interpretation of 
the interaction assumes that competing 
conditioned during the 
shock that, varying in 
strength with shock intensity 
and number of CS-UCS pairings, they 
exerted the greatest influence among 
the high shock and the 9- and 20-trial 
The differential effects of high 
shock therefore 
early portions of the test 
crouching or by 


responses were 


and 


session 


directly 


groups. 
during 
session by 

activity. 


were obscured 


excessive 


These interfering responses were elicited 
by CS onset, but they were not rein- 
forced and thus gradually extinguished 
as test trials progressed. At the same 
time, hurdle-jump response tendencies 
were reinforced and continued to increase 
in strength. For the high shock groups, 
the net result of these opposing tenden 
was the elevation of the entire 
gradient at the end of the test session, 
with a particularly marked 
exhibited in speeds of the 9- and 20- 
trial groups (Fig. 3D). The curves for 
medium and low shock groups, on the 
other hand, were distorted throughout 
the test period by competing responses 
of lesser magnitude that extin- 
guished. Since hurdle-jump tendencies 
reached maximum strength at an earlier 
portion of the test 
groups, and then extinguished, the net 
effect was a marked decrease in speeds 
of the 9- and 20-trial groups at the end 


cies 


increase 


also 


session for these 


of the test session. 

Another complicating factor that must 
be considered is the possible contribution 
of background cues to performance of the 
test Animals in the control 
group learned to cross the barrier, but 
they exhibited behavior qualitatively 
different from behavior of Ss in the 
comparable experimental group. Con 
trol crouch: 
the hurdle-jump response occurred on 
the first test trial for all Ss. Long la- 
tencies on early test trials were, instead, 


response. 


animals did not learn to 


accompanied by a high degree of dis- 
oriented activity. The control group 
was initially faster than the experimen- 
tal, but the test response was less stable 
and decrement on the 
second test day (Fig. 4). The learning 
curve for the control group may rep- 
resent either an operant response level, 


showed some 


of backward condition 
ing, or the effect of conditioning to shock- 
compartment stimuli other than buzzers 
and lights. Since the last interpretation 
seems the most acceptable, it is probable 
that background cues served to enhance 
hurdle-jump tendencies during some por- 


a demonstration 


tions of the test session, at least for the 


high-shock, 20-trial experimental group 
and 


perhaps for all experimental Ss. 
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The addition of these cues to the moti- 
vational complex could have raised the 
drive levels of all Ss and could have 
further distorted the underlying relation- 
ships. 

Acquired drive strength, in the present 
experiment, related to the 
response measure in any simple manner. 
Similar difficulties have been reported 
with this conditioning and test procedure 
(Brown & Jacobs, 1949) as well as with 
methods depending upon consummatory 
response inhibition (Libby, 1951) and 
escape-from-shock training (Dinsmoor 
& Campbell, 1956a). Kalish’s (1954) 
study is one of the few that successfully 
minimized the influences of competing 
responses, other than certain disorienting 
tendencies, on early test trials. A major 
difference between his method and the 
present one may be his inclusion of an 
adaptation session between conditioning 
and test days. Although this additional 
session served a special purpose in his 
study, it may have been responsible, 
as well, for reduction in strength of 
crouching tendencies and for elimination 
of background cues before the initial 
test trial. 

Future this area will 
encounter similar difficulties of interpre- 
tation unless some reliable method can 
be discovered that 
dence and strength of competing re- 
sponses acquired during aversive condi- 
tioning or else eliminates completely the 
influence of such tendencies. 


was not 


research in 


measures the inci- 


SUMMARY 


A parametric study of shock intensity and 
number of CS-UCS pairings, investigating a 
broad range of both variables, was conducted 


MELVIN L. GOLDSTEIN 


with an acquired drive procedure utilizing 
shocks of fixed, short duration during con- 
ditioning. The two variables were found to 
interact in their effect on subsequent per- 
formance of a hurdle jump response that was 
motivated by CS onset and reinforced by 
CS cessation; the interaction was significant, 
however, only at the end of the hurdle-jump 
session. The results were discussed in terms 
of possible uncontrolled factors contributed 
by the development of competing response 
tendencies 
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INSTRUMENTAL LICKING BEHAVIOR AS A FUNCTION 
OF SCHEDULE, VOLUME, AND CONCENTRATION 
OF A SACCHARINE REINFORCER ! 


STEWART H. HULSE, HARRY L. 


SNYDER, 


anb W. EDWARD BACON 


Johns Hopkins University 


Chis paper describes some data that 

when tongue licking 
instrumentally 
tioned using two fixed-ratio schedules, 


were obtained 


in rats was condi- 
two volumes, and three concentrations 
of a saccharine reinforcer. The sys- 
tem that, was used to do this involved 
an electronic relay which automat- 
ically operated a pump each time S 
licked on a drinking tube. Con- 
summation of fluid from the tube 
was thus made contingent upon the 
occurrence of the licking 
itself. 

The above approach 
work which sought to 
determine the role that various factors 
correlated with 


response 
bears upon 
recent has 


ingestion may play 
in the more general process of rein- 
forcement. Thus, Guttman (1953, 


1954) and Hutt (1954) have shown, 


for example, that rate of lever-press- 


ing is correlated with the concentra- 
tion and quality of the agent used 
Collier and Siskel 
(1959), generalizing from similar data, 
have very that 
the reinforcing effect of a substance 


as a reinforcer. 


cogently suggested 
such as sucrose is an increasing func- 
tion of its intensity and area of taste 
stimulation, but a decreasing function 
of its postingestive concentration 
Because a dipper-delivered drop of 
fluid the reinforcer in 
these experiments, however, they do 
not provide direct iaformation con- 


was used as 
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cerning factors such as rate of inges- 
and 
responses which have also been im- 


tion number of consummatory 
plicated as parameters of reinforce- 
ment (Kling, 1956). The present 
experiment was designed to examine 
such factors when schedule, volume, 
reinforcement 
were systematically varied, and when 
which is intimately in- 
volved in the process of fluid ingestion 
was used. 


and concentration of 


a response 


METHOD 
Subjects 


The Ss were 48 experimentally naive mak 
albino rats of the Wistar strain They were 
approximately 80 days of age when received 


Albino Farms, Red Bank, New Jersey 


from 


Apparatus 


Che apparatus consisted of a 6.5-in. K 10-i1 
X 7-in. wooden box painted flat black with a 
Plexiglas lid and a metal floor This box 
was placed inside a sound-resistant aluminum 
refrigerator box \ fan and two 3-w. bulbs 
located in the lid of the aluminum box 
provided, respectively, a masking noise and 
suitable light for S \ 2-in. X 3-in ope ning 
was cut in one end wall of the inner wooden 
box. a piece 
of }-in. Plexiglas which had a 1-cm XK 2-cm 
vertical slot cut in its center 4 drinking 
tube was mounted behind the slot as described 
below 


The liquid 


This opening was covered by 


reinforcement system used 
in this experiment has been 
detail elsewhere (Hulse, 1960 Briefly, it 
included a drinking tube and an electroni 
relay which operated each time S’s tongue 
touched a metal contact on the drinking tube. 
rhe output from the electronic relay operated 
a programming circuit. Liquid reinforce- 
ments were delivered by means of an infusion 
pump operated by the programmer. The 
pump consisted of a hypodermi 


desc ribed in 


syringe 
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which was driven known amounts by a 
Ledex rotary solenoid operating through a 
gear and lead-screw system. Each time a 
reinforcement was delivered, a_ solenoid- 
driven lever, also operated by the pro- 
grammer, slightly squeezed but did not close 
the pressure tubing connecting the pump 
to the drinking tube. After a reinforced lick, 
the tubing was allowed to return to its normal 
shape. The resulting slight negative pressure 
drew the fluid column about 1 mm. inside 
the tip of the drinking tube, thus assuring 
that S’s tongue would not come in contact 
with the fluid except on reinforced licks. 
Two drinking tubes were used with the 
system in this experiment, a }-in. diameter 
brass tube, and a }4-in. diameter Plexiglas 
tube. Both tubes had 2-mm. fluid holes 
in their centers. In order to provide an 
electrical contact for the electronic relay, 
a piece of 7g-in. brass rod was pressed-fit 
through a second hole in the Plexiglas tube 
such that its end was flush with the tube’s 
tip and located 7; in. below the fluid hole. 


Procedure 


Ex perimental design.—T wo fixed-ratio sched- 
ules of reinforcement (5.5:1 and 1:1),? two 
volumes of reinforcemerit on reinforced licks 
(.0023 cc. and .0074 cc.), and three concen- 
trations of saccharine (0.5 gm., 1.5 gm., and 
3.5 gm. added to 1 liter of tap water) were 
combined in a factorial design. Four Ss were 
run in each of the 12 conditions required 
by the design. 

For convenience, the groups were assigned 
labels which summarized the treatment they 
1.5-L-C. The initial number 
(0.5, 1.5, or 3.5) stands for the appropriate 
concentration of saccharine; the middle letter 
(L or S) stands for large or small volumes 
of reinforcement, and the final letter (P or C) 
stands for partial or continuous schedules 
of reinforcement. 

Deprivation schedule and taming.—Upon 
receipt from the breeder, Ss were placed in 
colony cages and maintained on ad lib. 
Purina lab chow and water (obtainable 
from a drinking pan) for 20 days. At the 
end of this period, Ss were transferred to 


rec eived, e.g., 


2? With the programing equipment avail- 
able at the time the experiment was begun, 
it was possible to obtain a schedule of partial 
reinforcement in which reinforcement was 
delivered with the last lick in alternating 
blocks of 5 and 6 licks. The 5.5:1 ratio thus 
represents a mean value and is, of course, a 
“fixed” ratio in a somewhat limited sense. 


SNYDER, AND W. E 
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individual cages and placed on a daily diet 
of 7.5 gm. of ground Purina chow mixed 
with 10 cc. of tap water. This daily ration of 
wet mash was the only food and water Ss 
received throughout the remainder of the 
experiment, except for some extra water 
made available during taming as described 
below. The wet mash was given such that 
Ss were 22-23 hr. food and water deprived 
at the time the experimental procedure was 
started each day. 

All Ss were tamed for 13 days. On Days 
1-12, Ss were placed in groups of 4 or 5 ina 
large wooden box, where they were allowed 
10 min. to explore and drink from a water 
pan. On Day 13, the procedure was the 
same except that the water pan 
available. 

Acquisition.—Following taming, all Ss 
were given 12 days of acquisition of the instru- 
mental licking response. On Day 1, Ss were 
allowed to lick from the brass tube, which 
extended } in. into the box through the plastic 
shield, until each had made 200 licks on a 1:1 
fixed ratio of reinforcement or until 20 min 
had elapsed, whichever occurred first. The 
variables of concentration of saccharine And 
volume of 


was not 


reinforcement 
immediately. On Day 2, the procedure was 
identical except that the brass tube was 
withdrawn so that its tip was flush with the 
plastic shield. On Days 3 and 4, all Ss made 
500 licks on the Plexiglas tube which was 
centered #, in. behind the plastic shield 
The 5.5:1 fixed ratio of reinforcement was 
introduced for the appropriate Ss. On 
Days 5-12, the procedure was the same 
except that the Ss made 700 licks. 

Extinction.—Two days of extinction were 
given following acquisition. The procedure 
during extinction was exactly the same as 
during the last 8 days of acquisition, except 
that no fluid was placed in the hypodermic 
syringe of the infusion pump, and Ss thus 
licked ona dry tube. All Ss were extinguished 
to a 2-min. nonresponse criterion on each 
extinction day 


were introduced 


Measures of Performance 


The time to the nearest second required 
for each S to emit the 700 licks on each of 
the last five days of acquisition was recorded 
as a measure of acquisition performance. 
These times were transformed to reciprocals 
and multiplied by 1000. The total number 
of responses emitted by each S on each of 
the two extinction days was recorded as a 
measure of resistance to extinction. Means 
of the reciprocals and of the response scores 
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were determined for each S for each day for 
purposes of the statistical analyses 

\s an additional measure, mean volume 
of fluid per lick was calculated for the last day 
of acquisition. This measure was obtained 
by dividing total amount of fluid consumed 
(one of four fixed values determined by the 
possible combinations of the two schedules 
and two total volumes of reinforcement) by 
700, the number of licks Ss made 


RESULTS 


The analysis of variance which was 
run on the reciprocal drinking times 
for acquisition (Table 1) showed that 
the main effects of concentration of 
saccharine and Schedule of reinforce- 
ment are significant (Ps < .05), and 
that the interaction between Volume 
and Schedule of i 
also significant (P < .01). Neither 
the main effect of Days nor the 
interaction of Days with any of the 
other variables is significant (Ps > .05) ; 
thus, there is no evidence that the 
mean performance of the groups was 


reinforcement is 


changing over. the last five days of 


TABLE 1 


ANALYSES OF VARIANCE OF RECIPROCAI 
DRINKING Times X 1000 For THE Last 5 
DAYS OF ACQUISITION AND OF NUMBER OF 
LICKS FOR THE 2 Days Or EXTINCTION 


Extinction 


| 


MUS 


1 | 608,653.5** 


/ 


1,206.5 
73,280.0°* 
240, 200.0** 
13,215.8 

830.3 
106,001.1** 


rABLE 2 


MEAN REcIPROCAL DRINKING Times X 1000 
FOR THE Last 5 Days OF ACQUISITION 
AND MEAN TOTAL LICKS FOR THI 
2 Days or EXTINCTION 


Extinction 
(total licks) 


Acquisition 
Group | (1000/time) 


~ 


Maan aUMaanvVaavon 
AAS awnh & ew 


Note As an aid to the computation of ¢ tests 
among the group means appearing in the table, the 
appropriate error variances for training and extinction 

e 3.37 and 10,154.4, (df = 36), respectively 


None of the other main 
effects or interactions is significant 
(Ps > .05). 

As shown by Table 2, the groups 
which received the 0.5 gm/liter 
concentration took longer to emit 700 
licks than the groups which received 
the 1.5 gm/I concentration (t = 3.85, 
df = 36, P < .01) or the 3.5 gm/l 
concentration (t= 3.27, df = 36, P<.01). 
The latter two groups do not differ 
significantly from other, al- 


acquisition. 


each 


though Table 2 suggests a tendency 
for the 3.5 gm/I concentration to 
produce somewhat slower responding 
than the 1.5 gm/I concentration under 
continuous-reinforcement 


conditions, 
but somewhat faster responding under 
partial-reinforcement conditions. 

The significant interaction between 
Volume and Schedule of reinforce- 
ment is diagrammed in Fig. 1. Partial 
reinforcement resulted in faster drink- 
ing times than continuous reinforce- 
ment with a large volume of fluid on 
reinforced licks, but slower drinking 
times with a small volume of fluid 
on reinforced licks. By ¢ tests, the 
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differences among the groups appear- 
ingin Fig. lareallsignificant (Ps<.01), 
with the exception of the difference 
between the S-C and the L-P groups 
which is not significant. 

The analysis of variance run on the 
mean number of responses emitted 
during extinction (Table 1) shows 
that the main effects of Schedule of 
reinforcement and Volume of rein- 
forcement, together with the inter- 
action between these two variables, 
are significant (Ps < .01). Table 2 
shows that, in general, partial rein- 
forcement produced more licks than 
continuous reinforcement, and large 
volumes of reinforcement produced 
fewer licks than small volumes of 
reinforcement. However, Fig. 4 
which diagrams the significant inter- 
action between 
shows that the partial vs. continuous 
reinforcement difference much 
larger if small rather than large 
volumes of reinforcement had been 
used during training. By ¢ 
the among the 
appearing in Fig. 2 are all significant 
beyond the .01 level with the excep- 


these two variables, 


was 


tests, 


differences groups 


tion of the difference between the L-P 
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Fic. 1. Acquisition drinking time as a 
function of schedule and volume of reinforce- 
ment. (The numbers in parenthesis show 
volume of fluid per lick. The data 
points have been connected with straight 
lines, but no assumptions are intended con- 
cerning the actual shapes of the functions.) 


mean 
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Fic. 2. Licks to extinction criterion as a 
function of schedule and volume of reinforce- 
ment. (The numbers in parenthesis show 
mean fluid per lick. The data 
points have been connected with straight 
lines, but no intended 
concerning the actual shapes of the functions 


volume of 


assumptions are 


group and the S-C group which is 
significant beyond the .05 level. 

Figure 2 also shows that a perfect 
inverse ordering holds between mean 
volume per lick during training and 
the number of emitted 
during extinction. 

Finally, Table 1 shows that the 
main effect of Days, and the Schedule 
X Days and Volume X Days inter- 
actions significant (Ps < .01) 
fewer re- 


responses 


are 


significantly 
sponses were emitted by all Ss on 
Day 2 than on Day 1 of extinction. 


In general, 


the differences 


based on 


In addition, 
the groups Volume 
Schedule of reinforcement 
smaller on Day 2 than on Day 1, 
but the rank order of the 
of the groups did not change. 


among 
and 
became 


means 


Disc USSION 


Mean volume of reinforcement per 
response, as jointly determined by the 
ratio of reinforced to nonreinforced 
responses and by the absolute volume of 
fluid per reinforcement, appears to be 
a significant parameter of licking be- 
havior and, perhaps, of other types of 
instrumental behavior as well. The 
present acquisition data show that the 
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average rate*® with which 700 licks were 
emitted on each of the last several days 
of acquisition 

function of the 
obtained per lick. 


nonmonotonic 
fluid 
Average licking rate 
increased with increases in mean amount 
per lick with the exception that the L-C 
group, which received the largest mean 
amount, showed the average 
rate. The mean-volume data 
are thus analogous to those data obtained 
in lever 


was a 


mean volume of 


slowest 
licking 
pressing situations where a 
nonmonotonic relationship has been found 
rate of the 
concentration of a sucrose solution used 
as a reinforcer (Collier & Siskel, 1959; 
1953). Thus, up to a point, 
rats assail the drinking tube or the lever 
of fluid 


per lick or in concentration of sucrose 


between responding and 


Guttman, 


as if increases in mean volume 
were acting to increase the effectiveness 
of the reinforcer. Beyond some optimum 
point, however, a sufficiently large mean 
volume or a sufficiently high concentra 
tion may be that fluid is 
large quantities with 
each lick that the animal has difficulty 
in accommodating it 


reached such 


coming in such 
all, or because 
relatively long-term postingestive factors 
such as stomach loading or changes in 
taste sensitivity assume greater and 
greater importance with successive rein- 
forcements. In either case, the animal 
adjusts by reducing its rate of lever 
pressing or its average rate of tongue 
licking. McCleary (1953) and Collier 
and Siskel (1959) have suggested that'a 
system of the type outlined above holds 
for behavior based on different concen- 
trations of sucrose; apparently, a similar 
system 


present 


the 
volume 


can easily account for 
data 


of reinforcement. 


based on mean 


The concept of mean volume of rein- 


forcement also accounts for the extine 


* Discussion in this paper is confined to 
licking rate, a 
derived from the average time required to 
emit 700 licks. Early evidence indicates that 
momentary licking rate, the rate within a 
particular period of licking of a few seconds 
duration, may be correlated in an entirely 
different fashion with some of the variables 
under discussion here. 


average measure which is 


‘mental 
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data. First of all, the extinction 
data show, classically, that partial rein 


forcement 


tion 


results in greater resistance 
to extinction than continuous reinforce- 
ment. The data also show quite con- 
that 
of reinforcement produce less resistance 
than 


reinforcement, a 


clusively large absolute volumes 
absolute 

fact 
Hullian 
1949), but 
increasing experi- 
(Armus, 1959; Hulse, 
Most significantly, however, the 
the 
extinction is < 


to extinction small 


umes of which 
runs counter to classic theory 


Hull, 1943; Zeaman, 


for which 


a fact 
there is 
support 
1958 
number of licks emitted by several 
during 
decreasing function of the mean volume 
of fluid received per lick during acquisition 
Finally, the 
interest since 


groups 


perfect 


are of 
parallel data 
directly 


saccharine data 


they clearly 
with less 
the 


mean drinking time 


obtained 


responses 
involved in reinforcement 
Thus, 


ing tended to 
tration of 


process. 
during train 
decrease as the concen 
saccharine reinforcement in- 
creased. This is directly analogous to 
lever pressing data which show, over a 
certain range of concentration of sucrose, 
that rate of responding increases with 
increases in concentration. The present 
data are not quite so congruent 
Collier Siskel’s (1959) 


sth 
with 


and observation 


that response rate continues to increase 
with i 


increases in 
long as the _ inter- 
reinforcement interval is relatively long, 
but that the relationship between con- 
centration and 
nonmonotonic if 


continued 


sucrose 


concentration as 


response rate becomes 
interreinforcement in- 
There is 


data (cf. 


sh rt. 
present 


tervals are relatively 
a tendency in the 
Table 2), however, for the decrease in 
drinking time to be somewhat 
greater if fluid ingestion rate is reduced 
through the use of partial vs. continuous 
reinforcement and small vs. large abso- 
lute volumes of Quite 
probably, a nonmonotonic relationship 
could be demonstrated clearly 
by appropriately increasing concentra- 
tion, rate of ingestion, and duration of 
the experimental i 


mean 


reinforcement. 
more 
session, i.e., by in- 


creasing the relative influence of long 
term postingestive factors. 
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SUMMARY 


A new technique was employed to study 
instrumental licking behavior in rats as a 
function of three concentrations of saccharine, 
two fixed-ratios of reinforcement, and two 
volumes of fluid on reinforced licks. The time 
required for each of 48 rats to emit 700 licks 
on each of the last 5 days of a 12-day acquisi- 
tion period was recorded as an index of 
training performance. The total number 
of responses emitted to a 2-min. nonresponse 
criterion on each of two successive days of 
extine tion recorded as an 
extinction performance. 

The acquisition data show that mean 
drinking time systematically decreased with 
increases in concentration of saccharine, 
although there was a tendency for this rela- 
tionship to become nonmonotonic. A def- 
inite nonmonotonic relationship was found 
between mean drinking time and mean 
volume of reinforcement per lick, as jointly 
determined by volume of fluid per 
forcement and ratio of reinforced to non- 
reinforced licks. The extinction data show, 
among other things, that the 


was index of 


re in 


number of 


licks emitted to criterion was a decreasing 
function of the mean volume of reinforcement 
used during training. 

In discussing the data, special emphasis 


was placed on the promise of mean volume 
of fluid per response as an important param- 
eter of licking behavior, and, perhaps of the 
more general process of reinforcement 
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DRIVE, VERBAL PERFORMANCE, AND MUSCLE 
ACTION POTENTIAL 


JOSEPH B. SIDOWSKI! 


San Diego State College 


ROBERT 


United States 


The present study investigates the 
relationship drive, muscle 
action potentials, and performance 
in a serial rote learning task. 

The of drive an 
energizer, and of the multiplicative 
relationship between drive and habit 


between 


acceptane e 


aS 


strength, commits one to number 
of implications about drive interac- 
tion and learning. One implication 
that favors whatever re- 
sponse has the greatest habit strength, 


a 


is drive 
at the expense of all other responses; 
a second implication is that several 
drive states should have an additive 
effect on periormance. 

In considering the first implication, 
studies using high- 
drive 


low-anxious 
levels 1953) 
that drive may 
facilitate simple learning and inter- 
fere with more complex learning 
(Montague, 1953; Spence, 1958; Tay- 
lor, 1956). 
these 


and 
(Taylor, have 


indicated increased 


Spence (1958) interprets 
results within the framework 
of- a theory of emotionally based 
drives. 

In studying the implications of addi- 
tive drive effect, Meyer and Noble 
(1958) attempted to show that Low- 
Anxious Ss make fewer errors in ver- 
bal maze learning while working under 
induced muscular where- 
as High-Anxious Ss perform better 


without 


tension, 


tension. Meyer (1953) ex- 


1 The authors gratefully acknowledge the 
helpful aid of Norman H. Anderson in the 
preparation of the final manuscript 


ANI 


G 


) 


EASON 


Navy Electronics Laboratory 


plains the influence of anxiety and 
induced tension within the framework 
of a theory of simultaneous interac- 
tion neural In this 
theory, drive is considered a response 


ol responses. 
and its capacity to alter the proper- 
ties of other simultaneous responses 
from their 
final common 
efferent mechanism. 


stems convergence 


path 


upon 
the 
In this instance, 


a within 
the hand gripping a dynamometer, 
clearly a response has a property of a 
drive which should summate 
conventional drives, such 


with 
as anxiety, 
to alter performance (Meyer & Noble, 
1958). Meyer also proposes that a 
high level of muscle activity makes 
learning more rapid, at least early 
in and that the optimal 
(either naturally 
occurring or induced) is progressively 
less as learning prow eeds. 

Induced muscular effects 
have studied in a number of 
verbal learning experiments (Meyer, 
1953). 


learning, 


amount of tension 


tension 
been 


There is a scarcity, however, 


of information concerning the rela- 
tionships between normally occurring 


(MAPs), 


muscle action potentials 


induced muscular tension and anxiety 


in verbal learning tasks (Berry & 
Davis, 1958; Malmo, 1958). In the 
present experiment, therefore, MAPs 
were recorded from High- and Low- 
Anxious Ss during under 
conditions of induced muscular tension 


and incentive. 


learning 
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METHOD 


Subjects.—Sixteen introductory psychology 
students at San Diego State College served 
as Ss, for which they received class points. 
Eight of the Ss were randomly selected from 
a high-anxious (highest 15% 
a low-anxious (lowest 
determined by the Taylor anxiety 
(1953). The Low-Anxious Ss had a mean 
score of 6.6 (range 4-9) and the High-Anxious 
had a mean 27.0 (range 24-32 

The only restriction on selection was one of 


and eight from 
15%) population as 


d¢ ale 


score of 


equal sex representation; four men and four 
women in each group. 

Task.—Each S, acting as his own control, 
learned a list of nonsense syllables while 
serving under each of the following conditions: 
Control (merely learn a list); Dynamometer 
(induced muscular tension while learning) ; 
Incentive (reward for fastest 
Incentive plus Dynamometer 


learner); and 

(reward for 
fastest learner under induced muscular ten- 
Muscle action potentials (MAP) were 
recorded from biceps and frontalis muscles 
during each condition. 

Design.—Two independently drawn 4 X 4 
greco-latin squares were used for each anxiety 
group. Latin letters represented conditions 
while Greek letters represented lists. 

Apparatus and procedure-—During learn- 
ing sessions S sat in a shielded room to permit 
MAP recording. Muscular 


sion). 


tension was 


induced and recorded with a strain-gauge 
wrist dynamometer attached to the right 
side of a heavy arm chair. 


During the experi- 
mental session a padded stirrup was posi- 
tioned on the volar side of the wrist. The 
S’s elbow was cupped in a padded L-shaped 
wooden box which provided a stationary 
fulcrum for elbow flexion. Flexion of the 
elbow produced pressure against the wrist 
stirrup, the force of which was relayed by 
the strain-gauge to an amplifier and dyno- 
graph recorder. The flexion resulted in 
isometric contraction of biceps, as well as 
certain muscle groups in the forearm. Two 
commercial silver disc electrodes, 8 mm. in 
diameter, were attached to the skin, 2 in 
apart, over the biceps muscle for measuring 
localized potentials associated with elbow 
flexion. An additional set of electrodes was 
attached to the skin over the frontalis muscle 
and constituted a measure of general muscle 
tension. The’skin resistance at the point 
of electrode contact was routinely checked 
for each S before each condition and 
kept 5,000 ohms. The associated 
MAP changes were led to pulse frequency 
type electronic integrators, the outputs of 


was 
below 


which were channeled into the dynograph 
of an Offner Type D EEG. Unintegrated 
MAP activity was simultaneously recorded 
with two channels of the EEG, and was 
monitored for electronic artifacts. A specifi 
description of the apparatus and method 
is given elsewhere (Eason, 1959) 

Each S was seated in front of a glass 
window through which he could observe a red 
signal light and a meter indicating the amount 
of force being applied to the dynamometer 
rhe light circuit was arranged so that a 
prescribed level of force resulted in the light 
going off. Deviations from the required 
force by plus or minus 1 lb. caused the light 
to go on. The amount of force each S was 
required to apply during the Dynamometer 
conditions was defined as one-fourth of that 
which he was capable of exerting after 30 se: 
of continuous maximal contraction. 

Five lists of nonsense syllables, one prac 
tice and four experimental, taken from Glaze 
(1958) and of high association value (87 
100%) were used A different consonant 
started each of the syllables in a list with the 
vowels being used about equally often. This 
was done in order to reduce intralist simi- 
larity. Each list consisted of 10 nonsense 
syllables. Syllables were presented auditorily 
by a tape recorder at a 4-sec. rate with an 
8-sec. rest interval between trials. Since the 
first syllable served as an anticipatory cue, 
S learned only nine items. Subjects learned 
each list to a criterion of one correct anticipa- 
tion. A 15-min. rest interval followed each 
condition. 

Under all conditions, Ss were told to learn 
a list as qui kly as possible When serving 
under either of the two Dynamometer condi- 
tions, Ss were also told to exert the required 
amount of force on the dynamometer and 
thereby to keep the light off throughout a 
trial. Subjects relaxed during the 8-sec. 
intertrial intervals. During the Control 
condition, Ss were told merely to learn the 
list and to keep their eyes on the light at 
all times. Instruction for the 
condition was identical with the Control 
except that Ss were told that the fastest 
learner would receive $1.00 plus an additional 
class point and the second fastest would 
receive an additional class point. The 
Dynamometer plus Incentive condition com- 
bined the use of the wrist dynamometer with 
the incentives. The two Incentive conditions, 
therefore, afforded each S the opportunity 
to earn $2.00 and two extra class points. 
At the conclusion of the sessions, Ss were 
questioned as to the value of the money and 
class points to determine whether they had 


Inceritive 
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incentive value. All Ss expressed interest 


in winning both the money and class points 


RESULTS 


Learning data. 
and trials were 
measures of performance. 
tion of the 
syllable showed a 
effect for all 
mometer condition. 


Anticipatory errors 
to criterion used as 
An inspec- 
number of 


errors per 


classical bowed 
but the Dyna- 
For the latter, 
the number of errors was greatest for 
the fourth rather than the sixth 
svilable in the list for both anxiety 
A statistical analysis of the 
number of 


serial 


groups. 
total 
significant effects for either the anxiety 
or learning variables. The data did, 
however, show a much larger number 


errors showed no 


of errors for the dynamometer condi- 
An additional analysis, 
Was 


tions there- 
determine 


whether the combined induced muscu- 


fore, conducted to 
lar tension conditions (Dynamometer 
and Dynamometer + Incentive) dif 
fered significantly from the combined 
(Control and In- 

Analyses of vari- 


nondynamometer 

centive) conditions. 
significantly 
errors tor 


ance showed a larger 
the combined 
conditions, Ff 9.03, 
P < 01. No other sta- 


significant differences were 


number of 
dynamometer 
df 1/14, 
tistically 
found. 
An analysis of variance of number 
of trials to the 
correct is present 


criterion of nine 
in Table 1, and 
shows a significant Conditions effect. 
Duncan's (1955) test for differences 
ranked means the 
Dynamometer condition required sig- 
nificantly more trials than any 
for the Low-Anxious group. High- 
Anxious Ss took significantly more 
trials under the Dynamometer, and 
Dynamometer plus Incentive condi- 
tions, than under either of the remain- 
ing conditions. A subsequent analysis 
of the significant Ordinal 


between showed 


ot her 


Position 


rABLE 1 


[RIALS TO 
NINE CorRECT 


\NALYSIS OF VARIANCE OF 
CRITERION Of} 


Source f MS 


Anxiety (A) 1 


Ss within Groups 


1.00 


14 | 79.60 


Ordinal position (OP 
Lists (L) 
Conditions (C 

A X OP 

AXL 

AxXC 


Error 


Total 


effect showed the last experimental 
session requiring significantly fewer 
trials to learn the list than the first 
session. No other significant differ- 
ences, however, were found between 
any of the other experimental session 
comparisons. 

The dynamometer conditions were 
again combined for analysis of the 
trial measures. Analysis of variance 
revealed that the combined 
mometer conditions required more 
trials to learn the list than the non- 
dynamometer conditions, P < .01. 

Analyses of the data on trials to 
criteria of 1, 2, 3, 4, and 5 correct 
showed no significant differences be- 
tween either the anxiety or learning 
variables. 


dyna- 


Previous investigations have often 
used performance over the 
early trials (Montague, 1953; Spence, 
1958). In order to get comparable 
results, an analysis was made on 
total correct anticipations over the 
first two trials. The mean score of 
4.5 for Low-Anxious Ss was signifi- 
cantly greater than the mean score 
of 2.8 for High-Anxious Ss, f= 4.73, 
df = 1/14, P < .05. 

MAP data. 


biceps 


scores 


MAP recordings from 


were used for monitoring 
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purposes only and were not included 
in the statistical analyses. It may 
be noted, however, that the biceps 
MAPs showed no apparent variation 
either between conditions or 
trials within conditions. 


over 


The frontalis potentials were inte- 
grated over each trial and expressed 
in terms of mean MAP level in micro- 
volts. These trial 


measures were 


subjected to analysis. 


An initial analysis was conducted 
to ascertain whether there were any 
significant changes in MAP over the 
first, middle, and last trials of a 
learning session. Table 2 shows the 
MAP output in microvolts as a 
function of trial position. It is 
apparent that the High-Anxious Ss’ 
MAPs decreased over the three trial 
positions, while the Low-Anxious Ss’ 
MAPs increased. The reliability of 
this differential trial trend 
by the significant Groups X Trials 
interaction, P < .05. Table 3 shows 
the mean MAP level based on the 
three trial positions and plotted as a 
function of experimental conditions. 
With the dynamometer conditions, 
MAPs were higher for the High- 
Anxious group. Under the _ non- 
dynamometer conditions, the opposite 
relation between the anxiety 
groups was found. Analysis of vari- 
ance showed this Groups X Condi- 


is shown 


two 


TABLE 2 


MEAN MAP LEVELS (AVERAGED ACROSS THI 
Four CONDITIONS) FOR HIGH- AND Low- 
ANnx1ous GROUPS AS A FUNCTION 
oF TRIAL POSITION 


Low 
High 
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TABLE 3 


MEAN MAP LEVELS (AVERAGED ACROSS THI 
First, MIDDLE, AND LAst TRIALS) FOR 
HIGH- AND Low-ANnxious Groups 
AS A FUNCTION OF CONDITIONS 


Experimental Conditions 


Anxiety | | 

Dyna Incenti 
centive 

mometer | . | 


Dyn 


Control + te 
| r 


Low | 
High 


29.0 5. | 25.4 
24.0 3 


tions interaction. to be significant, 
P < .01. No other significant 
ferences were found. 

High vs. low MAP.—Since Malmo 
(1958) has that physio- 
logical measures be taken as indicants 
of motivational strength, it 
decided beforehand to 


Clal- 


suggested 


was 
Carry out an 
analysis on groups divided on the 
basis of MAP levels. Accordingly, 
Ss were divided into High and Low 
MAP groups on the basis of MAP 
measures summed over the four 
experimental conditions. Analysis of 
variance on number of trials to the 
criterion of nine correct showed no 
significant difference between High 
and Low MAP groups, and no 
significant Condition X MAP Group 
interaction. 

An analysis on High vs. Low MAP 
groups was also carried out on the 
number of correct anticipations during 
the first two trials, and no significant 
differences were found. 

Mediocre vs. learners. 
Several studies have indicated that 
superior and inferior performersshowed 
higher levels of muscle activity than 
mediocre performers (Bartoshuk, 1955 ; 
Berry & Davis, 1958). In _ this 
analysis, therefore, the four fastest 
and four slowest learners were placed 
in the Extreme group, and the 
remaining eight Ss in the Mediocre 


extreme 
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group. ‘The analysis was carried out 
on MAP measures which were re- 
corded during each of the four 
experimental conditions. There was 
no significant difference between the 
Mediocre and Extreme learners, al- 
though the mean MAP level was 
much higher for the extremes. How- 
ever, a significant Conditions X Group 
interaction was found (F = 2.87, 
df = 3/42, P < .05). Analysis of 
the interaction showed that for the 
extreme learners, MAP measures were 
highest for the Control and Incentive 
conditions. For the Mediocre learn- 
ers, MAPs were highest for the two 
dynamometer conditions. 


DISCUSSION 


On the basis of Meyer's 


interaction 


(1953) motor 
of drive, we would 
expect that the High-Anxious Ss would 
do better but that 
excel if 
practice continued to a high criterion. 
Furthermore, the addition of tension 
expected to facilitate per 


Meyer 


theory 


learning, 
the Low-Anxious Ss 


early in 
would 


would be 
formance for the Low-Anxious Ss 
& Noble, 1958). 

The results of the learning data are 
Meyer's 
a) Low-Anxious Ss are superior 


contrary to theory in every 
respect: 
to High-Anxious Ss early in 
(b) this 


learning, (c) the 


learning, 


superiority decays later in 
use of the wrist dyna- 
mometer interferes with performance, 
and (d) does so equally for High- and 
Low-Anxious Ss; finally, (e) the pre- 
dicted summation effect of drives is not 
substantiated. With respect to the 
summation effect, it is 
note that the results of 
Noble (1958) fail 
predictions concerning the 
of induced 


anxiety, and practice. 


interesting to 
Meyer and 
to support their own 
interaction 
muscular tension, manifest 

MAP and learning.—Although Spence 
(1958) merely suggests the importance 
of physiological indices of emotionally 
based drives, Meyer’s theory (1953) is 
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specific in predicting the relationships 
between level of muscle activity, drive, 
and performance. 

For Meyer, high MAPs 
facilitative early in learning but detri- 
mental later in learning. The significant 
Trials X Anxiety interaction for MAP 
measures are consistent with this pre- 
diction. (The Low-Anxious group, which 
better verbal performance 
early but not late in learning, signifi- 
cantly MAP over trials.) 
Since we also have a significant Condi- 
tions X Anxiety interaction with MAP 
scores, the theory would further predict 
that the verbal response scores would 
be proportional to the MAPs. We 
would, therefore, also expect a significant 
conditions by anxiety interaction in 
verbal scores, at least early in learning. 
No such interaction was found. 

Considering the same scores, Taylor 
1956) and Spence (1958) might predict 
that induced tension would be facilita- 
tive late in learning since competing 
responses would be weak relative to the 
correct response. If Spence were to use 
MAP as a measure of drivé, a facilitation 
would also be predicted later in learning 
for high MAP. Therefore, if the signif- 
icant Conditions K Anxiety MAP inter- 
action were consistent the last 
several trials, additional support would 
be rendered to the latter prediction. An 
inspection of the last two trials shows 
the data to be consistent with this 
prediction. 

The results of the High vs. Low 
MAP groups categorization are interest- 
ing in light of the suggestions made by 
Malmo (1957, 1958) concerning the use 
of physiological activity as the key to 
distinguishing high-drive from low-drive 
Ss. Within the framework of the present 
study, data analyzed from groups sepa- 
rated on the basis of manifest anxiety 
scores proved more significant than those 
evaluated on the basis of total MAP 
measurements. It should be noted, 
that the tension found in 


should be 


has scores 


increases in 


over 


how ever, 


different muscles does not always relate 
equally well to task performance (Berry 


& Davis, 1958). It is quite possible that 
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other muscle groups, or types of physio- 
logical measures, would 
more meaningful. 


have proven 


SUMMARY 


High- and Low-Anxious Ss were required 
to learn lists of 
four conditions: 
Dynamometer 


nonsense syllables under 
Control (merely learn list), 
(learn list under induced 
muscular tension), Incentive (offered reward 
for fastest learner), and Dynamometer 
+ Incentive (combined induced tension and 
reward). Muscle 

recorded from the 
muscles throughout the sessions. 


action were 


frontalis 


potentials 
biceps and 


The results of the learning scores indi- 
cated: (a) Low-Anxious Ss superior to High- 
Anxious Ss but only over the early trials, 
and (6) Dynamometer pressure resulted in 
poorer learning for both anxiety groups 
The muscle action potentials showed: (a) 
High-Anxious Ss gave higher MAPs than 
Low-Anxious Ss when the dynamometer was 
used, and with the opposite relation between 
Anxiety groups during the Control and Incen- 
tive conditions, and (b) MAPs decreased 
over trials for High-Anxious Ss, and increased 
for Low-Anxious Ss. Finally, (a) no differ- 
ence was found in verbal performance between 


High and Low MAP groups, where the assign- 
ment of Ss to groups was done on the basis 


of total MAP scores, summed 
and conditions, and (6) 


over trials 
Mediocre learners 
showed higher MAPs than Extreme learners 
for the induced muscular tension conditions, 
while the opposite effect was obtained for 
the nondynamometer conditions. 

The results 
framework of several theories 


were discussed within the 
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IRRELEVANT DIMENSION AND TASK 
COMPLEXITY UPON CONCEPT 
IDENTIFICATION ! 


LYLE E. BOURNE, JR. 
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he purpose of the present study 
to evaluate the effect of inter- 
mittent reinforcement (IR) of an 
irrelevant dimension on performance 


Was 


in a two-choice concept identification 
task and on transfer to a second prob- 
lem wherein this 
relevant to solution. 


dimension was 
The results of 
this experiment, in which a wide range 
of IR values investigated at 
three levels of task complexity, extend 
available knowledge about the 
of this variable in concept learning 

Gormezano and Grant (1958 
that IR of an irrelevant 
increased the total 
required to attain 
four-choice Wisconsin Card Sorting 
Test (WCST). Furthermore, they 
found no significant transfer effects 


were 
role 


found 
dimension 
number of trials 
criterion in the 


to a second stage of sorting wherein 
+he intermittently reinforced dimen- 
sion of the first stage was relevant to 
solution. However, two other 
of experiments, using two-choice tasks, 
suggest that transfer should vary as a 


sets 


function of IR of an irrelevant dimen- 
sion. On one hand, several studies 
(e.g., Buss, 1956) that 
nonreversal shifts produce negative 
transfer; i.e., S makes 
in reaching solution of 
problem than the 


have shown 
more 
the 

when 


errors 
second 
first, the 
! This research was supported in part by a 
research grant (M-1759) from the National 
Institute of Mental Health, United States 
Public Health Service, and was carried out 
during the second author's tenure of a Pre 
doctoral Fellowship (MF-9829) from the 
National Institute of Mental Health. 


relevant dimensions of the two prob- 
lems are different. In such studies, 
the relevant dimensions of the first 
and second sorting stages were rein- 
forced at a chance level (50%) in the 
second and first stages, respectively 
Under these conditions, negative 
transfer would be expected since the 
shift required a rearrangement of the 
previously established S-R_ relation- 
ships (Gagné, Baker, & Foster, 1950; 
Porter & Duncan, 1953). Secondly, 
a study (Bourne & Haygood, 1959 
aimed at determining the effects of 
redundant relevant dimensions 
concept identification showed that the 
majority of Ss were aware, when 
problem solution was reached, that 
more than stimulus dimension 
could be used to classify the patterns 
correctly. 


on 


one 


Indeed, many Ss reported 
exactly which dimensions could be 
used. Complete stimulus redundancy, 
as employed in the Bourne and Hay- 
good experiment, is identical with 
the 100% R (regular reinforcement 
condition of the present experiment. 


The earlier results suggest strongly 


that transfer to a second stage of 
sorting, in which only one of the 
previously redundant dimensions is 
relevant, would be positive. 

On the basis of these findings, it 
would be expected that in a two-choice 
sorting task transfer should be nega- 
tive with midrange values of IR of an 
irrelevant dimension, i.e., around 
50%, but should change to positive 


between 50% and 100% reinforce- 
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ment. The present experiment was 
designed to explore this hypothesis by 
varying IR over six values between 
50% and 100%. 


METHOD 


Task and procedure.—The task was essen- 
tially the same as that used in earlier concept 
identification studies (e.g., Bourne & Hay- 
good, 1959). The S was required to sort or 
classify a series of 128 visually presented 
stimuli into two categories, which represented 
the two levels of the relevant dimension. The 
S indicated his choice of category for any 
stimulus by .pressing one of two response 
buttons, neither of which bore a label. The 
stimuli consisted of geometric patterns which 
varied within binary dimensions such as color 
(red-green), form (square-triangle) and num- 
ber (single-double figures). The total number 
of such dimensions, relevant plus irrelevant, 
determined the number of different stimuli 
within the series presented to S. At the out- 
set, S was given detailed oral instructions 
describing the various dimensions, how they 
might be used in problem solution, the opera- 
tion of pertinent apparatus, meaning of the 
reinforcing or feedback signal lamps, and the 
length of the problem. The presentation of 
stimuli, the control of delay (0 sec.) and 
duration (1 sec.) of information feedback 
or reinforcement, and of overall trial length 

5 sec.), and the recording of responses were 
accomplished automatically with the concept 
identification apparatus described by Bourne 
and Haygood. The criterion of 
1 of sorting was that no errors occur 
beyond stimulus pattern 48. All problems 
were self-paced. 

Subjects—The Ss were 180 students from 
introductory who 
assigned by order of appearance to the 36 


solution in 
Stage 


psy hology classes were 
treatment combinations of the experiment 
Thirty-one additional Ss were dropped from 
the main analysis because of failure for vari- 
ous reasons to complete or to meet the cri- 
terion of Stage 1. 
without bias over experimental conditions 
Design The 6 X 3 X2 repeated meas- 
ures factorial design included six levels of IR 
of an irrelevant dimension (50%, 60%, 70%, 
80%, 90%, and 100%), three levels of task 
complexity (1, 3, and 5 irrelevant stimulus 
dimensions in addition to the intermittently 
reinforced and two different 
problems, (a) color dimension relevant and 
intermittently reinforced 
(first 64 patterns), shifting 


These Ss were distributed 


dimension), 


number dimension 
during Stage 1 
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to number relevant and color irrelevant: in 
Stage 2 (last 64 patterns),,and (b) number 
relevant and color intermittently reinforced, 
shifting to color relevant and number irrele- 
vant. The two stages were treated separately 
in the analysis of the results although experi 
mentally they were continuous; S was not 
instructed about the shift. Since the tasks 
were two-choice, each irrelevant dimension, 
except that for which reinforcement varied 
in Stage 1, was reinforced 50% of the time 
Henceforth, however, IR will be used only 
in reference to the irrelevant dimension for 
which this characteristic varied in the 
experimental design. It should be noted 
that in Stage 1 of the 100% R conditions 
there were two redundant relevant dimen- 
sions, either or both of which could be used 
by S to solve the problem. During Stage 2 
one of these dimensions was reinforced only 
50% of the time while the other remained 
relevant, as in Stage 1, without 
its levels. 


reversal of 


RESULTS 


Since instructions to S_ stressed 
accuracy, number of errors was the 
main dependent variable. However, 
it should be noted that variation in 
IR of an irrelevant dimension af- 
fected the probability of responses 
based on that dimension being correct. 
Using a dimension which was rein- 
forced 50% of the time as a basis for 
responding, S had a probability of 
error equal to one-half; using a 90% 
reinforced dimension, he had an 
error probability of one-tenth or nine- 
tenths depending upon how he as- 
signed the levels of that dimension 
to the buttons. Such a 
systematic bias in the error measure 
suggests that the analysis of errors 
be supplemented by an analysis of 
total number of correct 
preceding the last error, an index of 
the number of reinforcements or 
reminders needed by. S to confirm 


response 


res] Onses 


the correct sorting hypothesis (Gor- 


& Grant, 
1952). 


Stage 2 in 


1958; Grant & 
The error score for 


mezano 
Curran, 
this experiment 
unaffected by such bias. 


was 
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Figure 1 presents the mean number 
of errors made in the two sorting 
stages under condition of IR 
and task complexity. Three trends 
are apparent: total errors in- 
with number of irrelevant 
dimensions, (6) number of errors is 
inversely related to percentage IR 
of an irrelevant dimension, and (c) 
generally, total errors increase from 
Stage 1 to Stage 2, 
even more marked 
that not all Ss reached 
Stage 2 is noted. The analysis of 
variance performed on these data 
is summarized in Table 1. Trend 
analyses, based on orthogonal poly- 
that (a) the per- 
formance-irrelevant information fun 


each 


(a) 
crease 


a trend which is 
when the fact 
solution in 


nomials, indicated 


results 
e.g., the 
IR function has significant linear and 
quadratic components. 


linear, as in earlier 


1957 


tion is 
Bourne, and (b) 

The quad- 
ratic component of this function is 
due primarily to the sharp drop in 
errors in Stage 2 at the level of 100% 

20°- 


Stoge 1 Stoge 2 


1 Irrel 4 
3 Irrel ° 
5 Irrei 


AN ERRORS 


fe 


u 





1 j 
50 60 70 80 90 100 
PER CENT INTERMITTENT REINFORCEMENT 


1 at 





hic. 1 
Stages 1 and 2 as a joint function of IR and 
task complexity. (Each plotted point repre- 
sents the data from 10 Ss 


Mean number of errors made in 
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TABLE 1 


ANALYSIS OF VARIANCE OF ERRORS 


Source of Variance df; MS | F 


271.58| 7.55** 
910.94) 25.34** 
143.35; 3.99* 
128.05) 

120.54) 

55.01} 


Intermittent reinforcement (IR) 
Linear | | 
IR: Quadratic 
IR: Cubic | 
IR: Quartic | | 
IR: Quinti | 
Number of irrelevant | 
dimensions (1) 
I: Linear 
1: Quadratic 
P 


| 
729.15} 20.28** 
1372.82) 38.18** 
85.42} 
176.40 
42.21 
20.66 
2.05} 
58.40 
35.96) 
1504.70) 50.04** 
72.48; 2.41* 
40.41 
151.57 
70.41 
20.59 


4.91* 


quadratic 5.04* 


cubic XS 
juartic A > 
yuintic XS 


6.63" 


R. Statistical confirmation of this 
effect was provided by an orthogonal 
polynomial analysis of the IR XStages 
interaction, in which only the quad- 
ratic term was significant. Problems 
represented a significant source of 
due to the fact that the 
number dimension was more difficult 
to use in sorting than color. Similarly, 
Ss committed more when 
shifting from color relevant than from 
number relevant. The significance 
of the Irrelevant Dimensions X Stages 
interaction is due to a greater differ- 
ence in difficulty between the levels 
of task complexity in Stage 2 than in 
Stage 1. 

An analysis of variance was per- 


variance 


errors 


formed on total correct responses to 
last error in Stage 1. Only one 
main effect, number of irrelevant 
dimensions, was statistically 
cant (F = 6.56, 2/144 df, P O01 

Under conditions of the present 
experiment, there is a general tend- 


signifi- 
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ency for number of correct responses 
to solution to decrease with increased 
IR, although the linear component 
of this function is not significant 
(F = 3.88, 1/144 df, 10 > P > .05). 
For the six IR 50% 
through 100°, mean correct responses 
to last error were 9.0, 7.1, 7.2, 6.0, 
7.4, and 4.6, respectively, and mean 
trials to last error were 16.2, 13.9, 


conditions, 


12.4, 10.9, 12.3, and 7.9, respectively. 


DISCUSSION 


Significantly more errors were made, 
generally, during Stage 2 than during 
Stage 1. This result agrees with those 
of Buss (1956) and Kendler and D'Amato 
(1955) which that the 
concept in a nonreversal shift is more 
difficult to learn than the initial concept. 
However, the mean number of 
made by Ss in the 100% R condition 
during Stage 2 was less than that made 
by 50% IR Ss in Stage 1, regardless of 
the number of irrelevant dimensions. 
Since groups performed under 
identical conditions save for the Stage 1 
practice of the 100% R Ss, the conclusion 
of Bourne and Haygood (1959) 
supported. That is, since Ss can gen- 
erally describe al] relevant dimensions 
when solution is attained, transfer from 
a problem containing more 
redundant relevant dimensions to a 
problem in which only one of these is 
relevant will be positive. The finding 
that performance in Stage 2 
nificantly related 


showed second 


errors 


these 


was 


two ofr 


was sig- 
to degree of IR in 
Stage 1 can be accounted for with 
conventional S-R_ theory. Negative 
transfer is predictable since, although 
S makes the same responses to the same 
set of stimuli in Stage 2, a rearrangement 
of the S-R connections is required. This 
condition, according to Gagné et al. 
(1950), produces maximum negative 
transfer. The decrease in negative 
transfer with increased IR is predictable 
also since reinforcement would increase 
presumably the habit loading for such 
an irrelevant dimension. Furthermore, 


AND 
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it is conceivable that a decrease in 
negative transfer should occur because 
degree of IR determines, in part, the 
discriminability of the two stages of this 
experiment. When S is shifted from 
the 50% IR condition, the stimulus 
patterns remain the same in Stage 2 as 
they were in Stage 1. However, when 
the shift is made from the 100% condi- 
tion, patterns not presented in Stage 1 
occur in Stage 2. 
which 


The frequency with 
patterns differs 
between the two stages depending upon 
percentage of IR. This factor may 
contribute to decreased negative transfer 
by increasing the discriminability of the 
two stages for S. This argument is 
similar to that described by Jenkins and 
Stanley (1950) to account for an increase 
in trials to 


certain occur 


extinction due to partial 
reinforcement during acquisition. 
Performance in Stage 1 was facilitated 


by IR of an 


evidenced by a 


dimension as 
decrease in number of 


irrelevant 
errors and number of correct responses 
This result 
is in accord with the finding that redun- 
dant relevant information improves con- 
cept identification performance (Bourne 
& Haygood, 1959). In the 
neither measure is the 


to solution as IR increased. 


case of 
trend a statis- 
tically significant function of task com- 
plexity although there appears to be 
greater improvement with higher degrees 
of irrelevant information. The result 
can be explained as follows. Concept 
identification requires S to discriminate 
relevant from irrelevant dimensions, a 
process which is affected by the level 
of IR (Gormezano & Grant, 1958). 
Increased IR expected to 
exert two opposing effects. First, it will 
make the-relevant and the intermittently 
reinforced dimensions more distinctive 
than the other (irrelevant) dimensions. 
However, it should inhibit per 
formance by making the final discrimina- 
tion between these two dimensions more 
difficult. An increase in the number of 
irrelevant dimensions will 
facilitating effect of IR, while the 
inhibiting effect remains unchanged. 
Therefore, increased IR should result in 


would be 


also 


increase the 
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increased facilitation of performance 


as number of- irrelevant din, asions 
increases. 

Finally, it should be noted that, while 
the present experiment provides evidence 
of the importance of IR in concept 
identification, it designed to 


explore the differences between reversal 


was not 


and nonreversal shifts. 
additional 


For this purpose, 
wherein IR for the 
relevant dimension of Stage 1 is varied 


studies 
during Stage 2 are required. 


SUMMARY 


\n experiment was conducted to deter- 
mine the effects of task complexi y and of 
ittent reinforcement (IR) of an irrele- 
identif 
the experiment was 
eflects to a 


intern 


vant dimension: upon the ition of 


concepts In addition, 


designed to measure transfer 


second task wherein the previously inter 


forced dimension was relevant 


nittent rei 
il d the 


irrelevant to solution 


previously relevant dimension was 


The task required ») 
to learn correct methods for classifying 
visually 


180 Ss 


presented geometric stimuli The 
served in a 6X3X2 
ictorial design with six levels of IR 
60%, 70%, 80%, 90%, 100% 

three levels of task comple xity i, 3, and § 
irrelevant dimensions and two 
different Each S was required 
to serve in two successive stages of sorting. 


repeated 
measures { 
50%, and 
stimulus 
problems 


The major findings were: (a) As IR in- 


creased in Stage 1, performance improved 
transfer from Stage 
1 to Stage 2 was found with the amount of 
suc h 


with increased IR The 


b) Gener illy, negative 


progressively less 
100% reinforcement 


transtier becoming 


condition, in which two dimensions were 


relevant and redundant in Stage 1, produced 
positive transfer 
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Several investigators have demon- 
strated that Ss experience a change 
or loss of meaning for words which 
have been continuously repeated or 
fixated for a certain period of time 
(Basette & Warne, 1919; Mason, 
1941; Smith & Raygor, 1956; Wer- 
theimer & Gillis, 1956). For in- 
Basette and Warne (1919) 
reported that the meanings of familiar 
nouns which repeated aloud 
“dissipated” for their Ss*within 3 or 
4 sec. More recently, it was found 
that if Ss fixated a word exposed on a 
screen for 20 sec., their first associa- 
tion to the word is uncommon as meas- 
ured by the Kent-Rosanoff Word Asso- 
ciation Test (Smith & Raygor, 1956). 
The lapse or radical change of the 
meaning of a word as a result of its 
continued repetition is known as ver- 
bal satiation. Before the full implica- 
tion of this concept for theories of 
learning and meaning can be deter- 


stance, 


were 


mined, it is necessary to develop a 
method for reliably measuring the ex- 
tent of meaning change which can be 
attributed to the satiation experience. 


The purpose of the present study is to 
extend the significance of the concept 
of verbal satiation by introducing a 
more comprehensive method of meas- 
uring the phenomenon and thereby 
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and D. O. Hebb helped us by their suggestions 
and criticisms. 


was part 


Research Board 


relating it to a contemporary theory 
of meaning. 

Osgood, Suci, and Tannenbaum 
(1957) have proposed an objective 
and reliable instrument for the meas- 
urement of certain aspects of connota- 
tive meaning. This instrument, the 
“semantic differential,” consists of a 
series of scales each representing a 7- 
point, bipolar dimension. The mean- 
ing of a word, such as “‘father,” is given 
by its position on an evaluative factor 
(its degree of goodness or badness), on 
an activity factor, and on a potency 
factor. The theory underlying this 
method assumes that the meaning of a 
word has a place in a multidimensional 
semantic space. A word without 
meaning would rest at the point of 
origin for all dimensions. 
has three degrees of polarity (see 
Jenkins, 1959) which describe the 
appropriate placement of the word 
along the scale. 


Each scale 


The middle position 


TABLE 1 


ILLUSTRATION OF A SEMANTIC PROFILI 


Good X 


Strong 


Passive 


Note.—S rates the concept “father” by indicating on 
each scale the position considered most appropriate 
The polarity score in the present example is 6 for the 
X ratings and 2 for the Y ratings. The polarity-differ- 
ence score for this example using one concept and three 
scales is —4, indicating that the second ratings (Ys) 
moved 4 scale units closer to the zero point. 
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indicates lack of applicability of the 
word to either polar adjective, or 
‘‘meaninglessness’’ on one dimension. 
A semantic profile is illustrated in 
Table 1. 

In the present studies, the semantic 
differential is method of 
indexing changes in meaning induced 
by means of verbal repetition of 
words. The study was carried out in 
independent and the 
present report describes two separate 
experiments. 


used as a 


several steps 


EXPERIMENT | 


nS requested to indicate the 
placement of a word on a semantic 
dimension immediately after contin- 
the 


fall on 


uous word, his 


the 


repetition of 


responses should zero 


point of the dimension if a total lapse 


of meaning has occurred. The seman- 
tic differential permits one to assess 
total 
Thus, if under normal con- 
ditions .S considers the word ‘“‘father”’ 
and 


decreases of meaning short of 


lapses. 


Position 1 on an 
dimension “extremely 
then, after continuous 
repetition of the word (father) assigns 
it to “slightly good’’), 
we will infer, when consideration is 
given to various controls, that the 
connotative meaning of the concept 
“father” has decreased’ (by 
two-thirds) on this dimension. 


assigns it to 
evaluative 
good”’) and 


Position 3 


about 


Procedure 


college students were 
under several different 
As each S (with the exception 
of those in the retest 


Three groups ol 
tested individually 
conditions. 
control group, see below 
came to the experimental room, he was asked 
to fill out a booklet in which he rated five 
words (child, me, rich, truth, family), each 
yneé on nine semantic scales (three scales for 
each of the three prominent factors 
determined by Osgood et al., 1957). Then 
each S, depending on the condition to which 
he was assigned, followed a procedure outlined 


most 


and eat h 
5 xX 3-in 
Kardex 


them in a 


Each of the five words 
scale was printed on a 
card. The cards were placed in a 
folder so that E could 


predetermined order. 


below 
separate 
expose 

Experimental satiation.—¥or each of the 
22 Ss in this group, a word was first exposed 
for about 1 sec. and S was asked to say the 
word aloud for 15 sec. at a rate of 2-3 repeti- 
tions per second. Then E immediately ex- 
posed a scale and S made his rating by pointing 
to one of the positions on the 7-point dimen 
sion. This was done for .all words on all 
scales, a total of 45 responses per S. The 
order of presentation maximized the separa 
tion of the reoccurrence of each word and 
The initial and final ratings were 
subsequently compared 


eat h sf ale. 


Silence control—The same procedure wa 
used with 19 other Ss with the exception of 
one change: the Ss did not repeat aloud the 
words during the 15-sec. interval which 
elapsed between the time of exposure of the 
word and the semantic rating. They 
initially instructed to “sit and wait" 
a dimension was presented. No reference 
to “thinking about’’ the word presented was 
made in the instructions 


wert 
until 


Differe nt-word control. T he same 19 
participating in the previous phase also took 
part in this second control condition. Four 
additional words (war, death, teacher 
athlete) were added to the booklet which was 
completed at the beginning of the experi- 
mental Using the same general 
procedure, the Ss repeated aloud a particular 
word during the time interval, but were then 
presented with a different word to rate. For 
example, the word “key” was exposed (the 
words used for repetition in this case were: 
key, moon, shoe, and book) and S repeated it 
aloud for 15 sec.; then the word “war"’ was 
exposed, read out loud by S who immediately 
gave a semantic “war.”” This 
control condition was introduced to deter- 
mine what effect the act of repeating words 
aloud had upon the stability of the ratings. 
Whereas the previous condition is a “un- 
filled-interval” control, the present condition 
is a ‘‘filled-interval”’ control 

Retest control—The 22 Ss in this group 
did not fill out a booklet at the start of the 
experiment 


session. 


rating on 


In this case, ratings were taken 
immediately after the exposure of the words 
with no repetition or interval interposed 
Furthermore, after the first 45 ratings were 
obtained, the same complete series was 
repeated, and the ratings for the two series 
were compared 
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Results 


Mean polarity-difference scores were 
computed for each S. These repre- 
sent the changes in degree of polariza- 
tion (see Table 1) from the first testing 
under normal conditions and _ the 
second testing under experimental or 
control conditions. 
presented as 


The changes are 
average changes per 
word summed over all scales (in this 
case, nine). Thus, one S with a mean 
polarity-difference score of —3.6 had 
a total polarity score for the first 
testing of 102 (based on 45 ratings, 
5 words on 9 scales) compared to 84 
for the second testing under the satia- 
tion condition. The difference be- 
tween these two totals, or 18, is 3.6 
scale unit changes per word. A minus 
sign indicates a change from a higher 
to a lower score, i.e., a decrease in 
the intensity of association between 
the word and the bipolar adjective. 
Values of zero would indicate no 
and positive scores would 
indicate an increase in intensity of 
connotative meaning. 

Table 2 shows that the decrease 
in the intensity of meaning occuring 
under the experimental satiation con- 
dition was significantly greater than 
zero. Tests of significance between 
the experimental and control condi- 
tions on meaning change are pre- 


change 


TABLE 2 
AVERAGE CHANGE IN POLARITY PER WorRD 
OVER THE SuM OF 9 SCALEs: Exp. | 


Change in Polarity 


N | Mean| SD t 


Satiation 22 |—2.85| 2.93 
Silence control 0.03) 1.41 | 0.09 
Diff.-word control —0.66) 1.91 | 1.46 


Retest control 22 2 1.31 


4.45* 


* Significantly 
leve 


different from zero beyond the .01 


AND LEON A. 


JAKOBOVITS 


rABLE 3 


HT Tests OF SIGNIFICANCE BETWEEN 
ConpbiTions: Exe. | 


Diff.- 
Word 


Retest 
ontrol | Cc 


ontrol 


Silence 
Condition Control | ( 
Satiation 

Silence control 
Diff.-word control 


12.83 6.56 


0.92 


11.10 
0.69 
0.03 


Note li H > 6.63, P O01; if H < 3.84,P 


sented in Table 3. The differences 
between the experimental and each 
of the three control conditions are 
significant, while none of the differ- 
the 
reaches significance. 


ences control conditions 
We conclude, 
therefore, that the decrease of mean- 
ing (verbal satiation) obtained with 
the experimental treatment is attrib- 
utable to the continuous repetition 
of the word just semantic 
ratings were made, and not to either 
of three other possible features of the 
experiment, namely, the unreliability 
of the measuring instrument, the 15- 
sec. interval the 


among 


before 


period, or inter- 


polated task of repetition. 


Examination of the data reveals that 
verbal repetition of a word may lead to 
small decreases of meaning as well as 
fact, when we 
each S would have 
obtained had there occurred a total loss 


total lapses. In calcu- 


late scores which 
of meaning, the obtained scores repre- 
sent only 21% of those values that would 
have been obtained had there occurred 
a total loss of meaning as measured by 
the semantic differential. It is left 
studies to determine what 
amount of repetition would yield maxi- 
mum satiation effects 

The with Os 
good’s (1953, p. 410 ff.) interpretation 
of meaning. In this framework, the 
meaning of a symbol (or sign) is some 
replica of the actual reactions elicited 
by the environmental event which serves 


for further 


results are consistent 





VERBAL SATIATION 


as a referent for the sign. These mediat 
ing follow the 
principles as any other response. 
the 
tions are repeatedly and rapidly elicited. 
Under 


reactions should same 


During 
verbal mediating 


repetition, rea 


such circumstances we would 
expect that a form of reactive inhibition 
would be generated which would tem 
porarily decrease the availability of the 
Since semantic 
the 


strength as well as the kind of mediating 


mediators Osgood's 


differential is designed to index 
reactions elicited by a sign, the develop- 
ment of inhibition during verbal repeti- 
tion should be exhibited as a decrease in 
the 


semantic differential, as indeed the pres- 


extremeness of the ratings on the 
ent experiment has demonstrated. 

rhe second experiment to be described 
was meant to replicate the above findings 
further the 
mediating reactions. 


and to study nature of 


One might argue 
that the changes in intensity of meaning 
noted above may be due in large part 
to the muscular components of the act 


rhe 


this 


of continuous verbal repetition 


following study bears directly on 


point 


EXPERIMENT I] 


kor Osgood, the mediation process 


is the meaning of a symbol. He 


leaves the question open as to the 


mediational 
They may be peripheral 
“muscular or glandular reactions” 
1953, p. central 


Osgood, 


possible locus (loci) of 


responses. 
Osgood, 697) or 
“purely neural responses” 

1957, p.7). In this study, we presume 
that the inediation process that trans- 
mits significance to a 
inhibited by the 
repetition of that symbol. 
that the eflect 


for the experimental Ss, those 


symbol is 

verbal 
The fact 
noted 


continual 
satiation was 
only 
who continuously repeated a symbol 
that 
the mediation process may in large 


before it was rated, suggests 
part be dependent on muscular reac- 
tions. 


tive 


In order to test the compara- 
importance of peripheral and 
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central components of mediation proc- 
esses, one might compare the be- 
havior of the experimental Ss de- 
scribed above with another group of 
Ss who would be directed to ‘think 
about the word presented”’ but not 
aloud. Should such a 
group display the satiation effect, 
however, one cotld still argue that 
they actually had the words 
subvocally and no conclusive evidence 
would either the 
or peripheral possibilities. 


to repeat it 


said 


be given central 


We attempted to circumvent this am- 
biguity by using another procedure which 
indirectly tests the comparative influence of 
peripheral responses and a central cognitive 
We assume that 


word 


process on verbal satiation 
aloud a meaningful involves 
both muscular-glandular activity as well as 


some more central cognitive response as the 


saying 


meaningful nature of the symbol is registered 
On the other hand, saying aloud a meaning- 
less word with low association value involves 
peripheral muscular 
by diversified activity, such as 
searching for significance in the 
word or for associations with 
torm of the word, etc. 
meaningful word, 


response accompanied 
cognitive 
possible 

the sound or 
In the case of the 
there is a relation between 
the peripheral and cognitive activities which 
is mediated by the meaning of the symbol 
We argue that the cognitive activity is onls 
distantly or not identifiably related to the 
peripheral in the case of the saying aloud 
of a meaningless word Ihe muscular reac- 
brought into play in the continual 
repetition of the words “canoe” and “‘nuka’ 
with the accent on the first syllable) ar 
identical. (This assertion is supported by 
the fact that a listener 
whether S is repeating 


tions 


determine 
“nuka,”’ 
once the sequence of repetition is underway 
rhe fact that the original peripheral feedback 
of the sequence “nu-ka-nu-ka”’ is 
that of the sequence 
invalidate the 
rest of the sequences are 
identical, and hence both should 
same effect on the 


cannot 


“canoe” or 


different 
from “‘ca-noe-ca-noe" 
present 


two 


does not 
since the 
essentially 
the 
responses. ) 


argument 


have periphera 

rhe representational mediating 
which are elicited in the two 
situations, however, must be quite different 
since only one-is a meaningful English word 
rhe peripheral theory maintains that motor 


processes 
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responses are both necessary and sufficient for 
thinking 
“nuka”’ 

muscular 


Thus, the continuous repetition of 


and “canoe,” identical 


similar 


involving 
should have a 
satiation effect on the meaning of 
For Osgood, whether the mediators are 
peripheral or central, they are not of the same 
form as the overt verbal response, since 
their character depends entirely upon the 
total reactions made to the thing signified 
and not the mediated verbalization. Since 
thinking of ‘‘ca-noe-ca-noe” and of “nu-ka- 
nu-ka’’ involve different cortical processes, 
repetition of “‘nuka’’ should not lead to 
satiation of ‘‘canoe.”’ 


reactions, 


“ ” 
canoe 


Procedure 


Twenty-three Ss (male and female publi 
school teachers enrolled in a summer school 
were tested under three different conditions 
These are described below. 

Satiation.—The procedure was identical 
with that used in the experimental satiation 
condition in Exp. I, except that words and 
have been changed. The purpose 
of this condition was to attempt to reproduce 
the results obtained previously as well as to 
serve as a comparison condition to tl 
two conditions described below. 

Peéripheral control.—The “‘centrality’’ hy- 
pothesis was tested by requiring Ss to repeat 
the words “‘grony”’ (accent on second syllable) 
and “nuka”’ before semantic ratings of the 
words “negro” and ‘ respectively 
The procedure was thus identical with the 
Different-Word Control in Exp. I. At the 
end of the experiment each S was asked 
whether he had “caught on” to the fact 
that “grony” and ‘“nuka’”’ were actually 
“negro” and “‘canoe”’ repeated backwards 


scales 


other 


‘ ” 
canoe, 


Nonsense control.—The effect of the repe- 

tition of a nonsense word on semantic ratings 

was determined by having Ss repeat “‘troga”’ 
a ” 

and “blatu 


“soldier.” 


before ratings of “Shouse” and 

There were six words used in all 
words for each condition) and eight scales, 
six of these representing the three standard 
factors, and two scales representing a Famili- 
arity factor (meaningful-meaningless ; 
prehensible-incomprehensible) rhe 
given for the last factor were separately 
analyzed and will be discussed below 

Each S took part in three testings. The 
first was an assessment of S’s meaning of 
words under normal conditions. “The words 
and scales were individually exposed in the 


(two 


com- 


rating 
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Kardex folder and responses were recorded 
by E 


ment). 


(no booklets were used in this experi 

The testing consisted of 
the three conditions described above. The 
third testing, identical with the first, was 
given after a rest period of 5 min. to deter- 
mine whether the satiation effect dissipates 
with time 


second 


Results 


The polarity-difference 
Table 4 are averages for the group 
and represent mean changes of ° po- 
larity per word on all six 
(absolute values cannot be compared 
with those in Table 2 since a different 
number of scales was used in Exp. | 
and IJ). Entries under the Exp. 
column are differences in polarity 
scores between the first 
testing, whereas 
Dissipation 


scores in 


scales 


and second 
entries the 
column are differences 
in polarity scores between first and 
third testings. It can be seen that 
the only significant changes in mean- 
ing took place under the Satiation 
condition. 


under 


The possibility exists that 
the failure to obtain a satiation effect 
in the Peripheral Control and Non- 
sense Control conditions was due to 
the fact that the initial polarity of the 
particular words used under 

conditions was already low, 
hence could not decrease further. 
therefore the 


these 
and 
We 


have calculated mean 


TABLE 4 


AVERAGE CHANGE IN POLARITY PER WoxkD 
OVER THE SuM OF 6 SCALEs: Exp. II ° 
(N = 23) 


Experimenta Dissiy 


Mean Mean 
Satiation 1.95 ,* 1.76) 2.11 
Peripheral 
control 
Nonsense 
control 


3.91" 
0.19 7 | 0.65 0.02; 1.17 | 0.08 


| —0.06| 1.22 | 0.23 0.45) 2.05 | 1.02 


* Significantly different from zero at the .01 level. 
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rABLE 5 


SIGNIFICANCE BETWEEN 
Exp. Il 


H Tests OF 
CONDITIONS: 


Nonsense 
Control, 
Dissip 


Peripheral 


»atiation, ( ntrol 
o ol, 


Exp. 


10.14 


If H > 6.63 

the 
sum of six scales, as measured during 
the first testing, for all three condi- 
These were as follows: 8.89 
for the Satiation condition, 8.76 for 
the Peripheral Control and 9.17 for 
the None of 
these means was significantly different 
from another when a signed rank test 
was applied. It is evident, then, 
that differences in initial polarity of 
the ratings cannot the 


initial polarity per word over 


tions 


Nonsense Control. 


account for 
obtained results. 

Table 5 
significant 
Exp. and 
the 


there is no 
between the 
Dissipation scores under 
Satiation suggesting 
that the loss of meaning as a result 


that 
difference 


shows 


condition, 


of repetition persisted after a 5-min. 
rest (the mean dissipation scorg for 
the group obtained by subtracting 
the Exp. from the Dissipation scores 
is 0.19 (¢ = 0.35 The other differ- 
ences in Table 5 are in harmony with 
a centrality hypothesis of meaning. 
All but one of the 23 Ss reported 
that they became aware of the fact 
that “nuka” 
tually “negro” and “canoe” repeated 
backwards. It appears from Ss’ 
reports that repetition of “grony,” 
even though it involves the same 
muscular reactions, was not the same 
task as repetition of ‘“‘negro.” As 
one S put it, “When I was repeating 


“srony” and were ac- 
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‘grony’ | was trying not to think of 
‘negro.” But when | was repeating 
‘father’ I kept on thinking of ‘father.’ ”’ 
Translating this into our terminology, 
we can say that, given instructions 
to repeat “grony,” the mediating 
processes identified with ‘‘negro” were 
not consistently and reliably elicited. 
In view of these findings, we contend 
that in order to satiate the meaning of 
a symbol through continuous repeti- 
tion one must consistently call into 


play some particular cognitive activity 
which is related to the symbol. 


DISCUSSION 


The continuous repetition of words 
reduces the intensity of their connotative 
The effect 
reliable and to persist for at least a 
period of 5 min. 


meanings. appears to be 
The effect also appears 
to depend on a consistent reactivation 
of some type of cognitive activity whicl 
is related to the word repeated. We 
conceptualize this phenomenon as a 
type of ‘“‘semantic satiation” and consider 
the findings as support for a central inter- 
pretation of representational mediation 
processes. 

The that by dint of 
continuous verbal repetition of 


results show 
words 
made moved 
closer to the point of meaninglessness on 
the scales. It is not clear from the above 
the satiation effect is 
restricted solely to the words which are 
repeated or if the effect is generalized, 
affecting the intensity of meaning of 
both the words and the bipolar adjec 
tives, as well as the task of making a 
judgment. The finding of a decrease 
in intensity of 
standard semantic not incon 
sistent with the notion of a generalized 
satiation effect; if the bipolar adjectives 
were also satiated, they 
contributed to the 
degree of association 


the semantic ratings Ss 


results whether 


meaning across the 


scales is 


have 

the 
between the re- 
peated words and the adjectives. If it 
could be shown, however, that Ss were 


would 
decrease in 
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also able to perceive increases in intensity 
of meaning on certain scales at the time 
of rating, we could argue that the inhibi- 
tion effect is primarily restricted to the 
words which are repeated. As a 
we presented Ss in Exp. II with 
additional scales: ‘‘meaningful-meaning- 
less’’ and ‘‘comprehensible-incomprehen- 


test, 
two 


sible’ and all words were rated along 
the standard 
These two scales should elicit a 
ment of ratings toward the ‘‘meaningless”’ 
and ‘incomprehensible”’ poles following 
the satiation treatment. were 
assigned to Ss for the amount of move- 
ment of ratings, comparing the first 
testing under normal conditions with 
the experimental and control condition 
testings, toward or 
‘‘meaningless”’ 


these scales as on scales. 


move- 


‘ 


Scores 


away from the 
and “incomprehensible” 
It was found that there was an 
movement in the predicted 
direction of 1.43 scale units for the group 
under the satiation condition, a change 
which is reliably different 
(¢ = 3.25, P < .02). No reliable change 
noted for the other two control 
conditions (¢ = 0.02 for the satiation and 
peripheral control conditions and t=0.15 
for the satiation and 
conditions). 


poles. 
average 


from zero 


was 


nonsense control 

One last point should be made about 
an alternative interpretation of 
results; namely, that Ss ‘‘caught on”’ 
to the fact that repetition of a word 
renders it less meaningful and consciously 
“played along” with E by making neutral 
judgments 


our 


There are several arguments 
against such an interpretation. Firstly, 
in the which followed the 
experiment, Ss were asked whether they 
thought that they had changed their 
judgments as the experiment went on 
and whether repetition influenced their 
ratings. The typical answers 
“maybe” or “‘slightly,’’ but 
given for the change was 

| forgot which judgment | 
previously.” 


discussion 


were 
the reason 

because 
had made 
(In a current experiment 


using the same procedure, the question 
period at the end of the experiment was 


standardized and_ Ss’ 
recorded. Only 1 out 


answers 


of 31 


were 
Ss stated 
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that repetition rendered the word more 
‘“‘meaningless.”” The 
“slight 
what I had 
... because | 
else.’’) 


typical answers 


were again changes because | 
before,”’ or 
thought of something 
Secondly, had Ss wanted to 
please E by making neutral judgments, 
it is difficult to understand why they 
did not go all the way and give neutral 
ratings all the time. Thirdly, the dissipa- 
tion scores in Exp. II exhibit the satia- 
tion effect on the words used under the 
Satiation condition only. Since the 
ratings of these words were mixed with 
those of the other i 
improbable that Ss 
which were the 
which were not. 
mentioned 


forgot done 


se 


conditions, it is 
could 
satiation 


remember 
and 
(In the current study 
only 3 Ss _ could 
recall the words used for each condition 


words 


above, 


SUMMARY 


verbal satiation 

the decrease in the meaning of symbols 

was studied by having college Ss continuously 
repeat a word and then rate the word along 
scales of the semantic differential 
comparing normal and 
satiation conditions, indicate that there is a 
reliable movement of ratings toward the 
meaningless points of scales. Control group 
comparisons suggest that this movement is 
not due to the unreliability of the measuring 
instrument, to the time interval involved 
in repetition, nor to the activity of repetition 
per se. 


The phenomenon of 


Changes 


in semantic ratings, 


The phenomenon is conceptualized 
cognitive inhibition 


and is related to Osgood's theory of represen 


as a form~of reactive 
tational mediation processes 

A second experiment sheds light on the 
nature of mediation presenting 
evidence that they depend more on central 
than peripheral-muscular activities. In order 
to satiate the meaning of a symbol through 
continuous repetition, some particular cogni- 
tive activity which is related to the symbol 
must consistently be called into play. Fur- 
ther findings suggest that the satiation effect 
is not generalized but stems primarily from 
changes in the symbol which is continuously 
repeated. 


yrocesses, 
I 
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DEPRIVATION AND REWARD MAGNITUDE EFFECTS ON 
SPEED THROUGHOUT THE GOAL GRADIENT 


ROBERT FRANK WEISS 


Columbus Psychiatric Institute, Ohio State University 


Deprivation time and magnitude 
of reward are variables which have 
frequently been employed in studies 
of instrumental reward conditioning. 
A number of studies (e.g., Crespi, 
1942; Beier, & Ellis, 1955; 
Zeaman, 1949) indicate that response 
speed is an increasing 
reward magnitude. 
is also an 


Logan, 


function of 
Response speed 
function of 
deprivation time, up to a maximum 
point which appears to occur after 


increasing 


about 25 days of hunger (e.g., Barry, 
1958; Besch & Reynolds, 1958; Cot- 
ton, 1953; Yamaguchi, 1951). Pub- 
lished deprivation time 
have not been concerned with depriva- 
tion the 
with speed, 
performance speed, or some combina- 
tion of the two. 


studies | of 


effects on goal gradient, 


dealing only starting 
a similar 
lack of information regarding reward 
magnitude effects on the goal gradient, 
with the exception of Crespi’s (1942) 
study. In addition to this, no study 
of the combined effects of magnitude 
of reinforcement and deprivation time 
on response speed has yet been re- 
ported.'. The purpose of the present 
study was to determine the combined 
effects of these variables on speed 
throughout the goal gradient. 

In Hullian behavior theory 
1951, 1952; Spence, 1954, 


There is 


(Hull, 
1956) 
The writer has recently learned that 
William F. Reynolds and W. B. Pavlik have 
also completed a study of the joint effects of 
reward magnitude and deprivation, employing 
total running speed (starting plus running 
speed) as the ce pendent variable Insofar as 
the two studies are comparable, they are in 
excellent agreement (personal 
tion from W. F. Reynolds). 


communica- 


reward the 
experimental operations defining in- 
centive motivation (K), and depriva- 
tion time is one of the determinants 
of drive (D). The manner of com- 
bination of these intervening variables 
is a problem which has recently be- 
come a focus of theoretical analysis 
and While Hull (1951, 
1952) originally suggested that D and 
and K combine multiplicatively to 
determine potential (# 

has 


magnitude is one of 


research. 


excitatory 
(1954, 1956) recently 
hypothesized an additive relationship. 


Spence 


considered 
to be a linear function of E#, Hull’s 
D X K hypothesis implies a multi- 
plicative relation between the effects 
of deprivation and reward magnitude 
Statistically this 
would appear as a significant inter- 
action of deprivation and reward 
magnitude in which reward effects 
increased as deprivation increased. 
Alternatively, Spence’s D+ K_ hy- 
implies the independence 
(nonsignificant interaction) of depri- 
vation and reward effects. Presently 
available evidence favors the D + K 
hypothesis. A has also been defined 
in terms of length of response chain 
1956) and delay of rein- 
forcement (Spence, 1954), and both 
of these experimental variables have 
been combine additively 
with deprivation time (Besch & 
Reynolds, 1958; Ramond, 1954). 

The problem of deprivation and 


Since response speed is 


on response speed. 


pot hesis 


(Spence, 


shown to 


reward effects on the goal gradient 
is more complex. The goal gradient 
is nonmonotonic, speed first increas- 
ing and then decreasing, in a regular 
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manner, as the goal is approached 
e.g., Hull, 1934: Weiss, 1958 


and 


the effects of the interaction of depri- 


vation or reward with distance from 
the difficult to predict. 
This difficulty is exacerbated by a 
complex units-of-measurement prob- 
lem (Logan, 1960) which is discussed 
later in the paper. 


goal are 


METHOD 


Subjects The Ss 
albino rats of the Sprague-Dawley strain, 
obtained from the Albino Farms in Redbank, 
New they were between 100 and 140 
days of age at the beginning of the experiment 

A pparatus.—The apparatus was the straight 
alley described in detail by Logan, Beier, and 
Ellis (1955).2 The included an 8-in 
startbox, a further 6 in. of starting area, and 
a 4-ft. runway, all of which were 4 in. wide 
and 4 in. high. The sidewalls were pine, 
lined with glass, and the floor was }-in. hard 
cloth Photoelectric cells, 
to Standard Electric timers, were mounted 
at the end of the starting section, and at 
1-ft. intervals along the runway There were 
six such timers, which measured (1 
time 


were 72 naive mak 


Jersey; 


alley 


ware connected 


starting 
time from opening the start door to 
the first photobeam, (2-5) 
the four 


running time in 
successive 1-ft. sections of the run- 
and (6) running time over the 4-ft 
of runway, corresponding to the sum of 
Clocks 2 through 5. The timers were isolated 
in Celotex boxes mounted on sponge rubber 
inside Celotex entire 
alley was suspended in a large box, five sides 
of which were Celotex, the top being of glass 
with 


way, 


sec ond boxes. ] he 


covered vision 
The alley was illuminated from 
five shielded 7-w. bulbs, 
of the alley, and by a 7-w. red bulb mounted 
over the foodcup. The room was darkened, 
windowless, and air-conditioned, with a hang- 
ing sound-tile ceiling 

Design.—The levels of food deprivation 
employed were 2, 12, 24, and 46hr. The rein- 
forcement magnitude conditions were 1, 3, 6 
and 12 pellets. 
weighed 


one-way cellophane 
within by 


mounted on one side 


The uniform food pellets 
045 gm. each, and were prepared 


2 The Ss were run while the writer was at 
Yale University; this phase of the research 
was supported in part by a grant to F. A 
Logan by the National Science Foundation 
The writer wishes to thank Logan for his 
kindness and for helpful advice and criticism. 
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by the P. J. Noyes Co., 


Hampshire, primarily gf Purina 


Lancaster, New 
lhe desig l 
an extension of the Perin-Wil 

(Perin, 1942) The Perin 
Williams design represents a selection of one 


is essentially 
liams design 
complete column and one complete row from 
a larger The design em 
ployed here consisted of two complete columns 
and two complete rows (12 cells) selected 
from a 4 X 4 factorial design, as shown in 
lable 3.4 

Procedure.—All Ss were placed on the 
48-hr. feeding rhythm six weeks before the 
experiment began, during which time they 
were handled and weighed every second day 
The Ss were allowed to eat as much as they 
could for 40 min., second day \ 
synthetic diet was employed in order to 
prevent loss of Ss due to the stringent depriva 
tion cycle. The diet 
follows: 50% ground 
30% lard, 20% B-3-I 
and 


factorial design. 


every 


constituted as 
Purina Lab Chow 
plus vitamin 
mineral supplements added 
feeding.* The rats gained 
slightly throughout the experiment. 
The Ss were run one trial. every second 
day. The reward delivered with an 
audible click when the last photobeam was 
broken, assuring immediate secondary rein- 
forcement even on the occasional trials when 
S did not immediately 
Each S was placed in an 


Was 


( sein, 
shortly 


before weight 


was 


onsume the reward 
18 X 18 X 4-in 
gray delay box, immediately before and after 
running, for the length of time it took the 
preceding or following S to complete its trial 
\n equal diet was maintained, despite differ 
ences in the amount of administered 
as reward, by means of a compensatory feed 
ing of reward pellets approximately 1 hr 
after running. 


food 


The Ss were run for 55 trials, 
at which time speed, measured over the entire 
alley, was asymptotic, as indicated by a ¢ test 

* This design, like that of Perin, was in- 
tended for curve-fitting (or, more ac 
surface-fitting 


curately, 
though the results have not 
been sufficiently regular to warrant the use of 
so elaborate a technique. The design is not 
as conveniently suited to analysis of variance 
as it is to curve-fitting, and it has been neces- 
sary to analyze separately the data from the 
two complete rows and the two complete 
columns 

*Abdec multiple vitamin drops and the 
following water solutions: CuSO, (.125% 
MnSO, (5%), FesSO, (5%); each admin- 
istered in the amount of 1 drop/16.5 gm. diet 
rhe writer wishes to thank J]. Barboriac 
and W. Krehl for suggesting the constituents 
of the diet. 
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of the mean of the differences between the 
last 10 trials and the preceding 10 trials 
(t = .37, df = 71). They were then reas- 
signed to other conditions, so as to constitute 
a second “‘replication”’ of the experiment, in a 
random order with the following restriction 
on randomness: (a) no S served twice in the 
same cell or drive condition, and as few as 
possible served in the same reward condition; 
(b) not more than one S from a given first- 
replication cell was assigned to any one 
second-replication cell. The Ss were run for 
16 trials under the new conditions, during 
the last five of which the new asymptotes were 
well established 


RESULTS AND DISCUSSION 


Starting speed.—Mean starting speed 
for each S was obtained over a block 
of five trials. Trials 51-55 of the 
first replication and 12-16 of the 
second replication were used. The 
data from the two complete columns 
and the two complete rows were 
analyzed as separate 4 X 2 X 2 fac- 
torials (Table 1).° 
the replication 


In both analyses, 
effect was nonsig- 
TABLE 1 
STARTING SPEED: ANALYSES OF VARIANCI 


IT'wo Complete Pare 


Columns Rows 


source 


Deprivation (D) 4.33** | 
Reward (K) 20.50*** 
Replications (R) | ‘ 1.62 

| 


DXK 
DXR 
K XR 
DXKXR 


Error (within) 
Total 


*P <.05 
*P < O1. 
“P< 001 
5 A regular factorial design was somewhat 
conservative in this case, since it did not take 
advantage of the fact that the “‘replications’”’ 
variable involved repeated measurements on 
the same Ss. 
of the 12 conditions, however, it was not 
possible to take account of this correlation 
by means of a Treatments X Ss type of 
design. 


Since each S served in only 2 
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TABLE 2 


STARTING SPEED AND RUNNING SPEED 


Magnitude of Reward (Pellet 


Deprivation 


rting Speed at Asymptote* 
217 
855 810 
801 


.768 1.147 


Mean Running Speed (Ft/Sec) for 
lrials 1-20% 


* Replications 1 and 2 combined, N = 144 
»b Replication 1 only, N 72 


nificant. The Replication X Reward 
and Replication X Deprivation inter- 
actions were found to be nonsignifi- 
cant in both analyses; hence, data 
from the two replications were com- 
bined for further analysis. Mean 
speed for the combined 
replications is shown in Table 2; 
N = 12 for each cell. 

As shown in Table 2, starting speed 
was an increasing function of reward 
magnitude at each of the four levels 
of deprivation. This effect was found 
to be significant in the analysis of 
the two complete columns (P < .001) 
and the two complete rows (P < .05). 
The deprivation effect was also found 
to be significant in the analyses of the 
two complete columns (P < .01) and 
the two complete rows (P < .05).° 
Spence’s (1954, 1956) assumption of 
D and 
K implies a nonsignificant interaction 


starting 


an additive relation between 


6 As shown in Table 2, the 12-hr. groups 
ran somewhat faster than the corresponding 
24-hr. groups. This difference 
significant. 


was not 
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between deprivation and reward mag- 
nitude, differences among reward levels 
being independent of level of depriva- 
tion. Hull’s (1951, 1952) multiplica- 
tive assumption implies a significant 
interaction in which reward effects in- 
crease as deprivation increases. The 
starting speed data offer no support for 
a multiplicative hypothesis. Reward 
effects do not appear to depend sys- 
tematically on deprivation among the 
46-, 24-, and 12-hr. When 


the 2-hr. group is also considered, 


groups. 


there is a suggestion of an interaction 
opposite to that predicted by Hull; 
reward effects appear greater at the 
lowest level of deprivation than at 
the higher levels. The Deprivation 
xX Reward interaction (including the 
apparent covergence of the 2-hr. 
group with the others) was found to 
be clearly nonsignificant in the analy- 
the two complete columns 
F = .88; df = 3/80) and the two 
complete rows (F 1.28; df 3/80). 
Deprivation time and reward mag- 
nitude thus appear to combine addi- 
tively to determine starting speed, 


ses ol 


as Is implied by Spence’s assumption 


of an additive relationship between 
drive (D) 
(K). 


Running speed. 


and incentive motivation 
Reward effects on 
asymptotic running speed fell short 
of significance,’ rendering inconclusive 
the nonsignificant Deprivation X Re- 
interaction. In an 

the 


an analysis was conducted on 


ward effort to 


clarify running results, 


the 


S] eed 


7It shouid be noted, however, that this 
result is not in agreement with the results of 
the two other studies conducted in the same 
apparatus, using the same standardized brand 


of reward pellets and employing 
variable 
found that 


r onditions 


running 
speed as the dependent 
Beier, and Ellis (1955 
9 pellet reward 
significantly at asymptote 
Beier’s (1958) 1-, 7-, 
(Trials 78-93 


I ogan, 
their 1- 
differed 
62 trials), as did 
13-pellet groups 


and 


and 
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data from Trials 1-20. Mean running 
speed (in ft/sec) on Trials 1-20 is 
shown in Table 2. Despite the fact 
that data were 
restricted to the first replication alone, 
the effect of reward magnitude was 


these necessarily 


found to be significant in the analyses 
of the complete columns (F = 6.87; 
df = 1/40; P < .025) and two 
complete rows (F = 3.10; df = 3/40; 
P< .05). The effect 
was also found to be significant in 
the analyses of the two complete 
(P < .01) and the two 
complete rows (P < .025). The data 
Table 2 appear 
to indicate a tendency for reward 
effects to increase with level of 
deprivation. The Deprivation X Re- 
ward interaction, however, was not 
significant in either the analysis of 
the two complete columns (F 1.02; 
df = 3/40) or the two complete rows 
(F = 1.42). These results, while not 
conclusive, do tend to that 
deprivation time and reward magni- 
tude combine additively to determine 
running speed.® 


the 


deprivation 


columns 


on running speed in 


suggest 


Goal gradient. 
development of 
during the 
The N for each curve is 72. The 
speed gradients exhibit the nonmono- 
tonic shape found by Hull (1934). 
In contrast to Hull’s data, however, 
it can be seen that the gradient be- 
comes more, rather than less, peaked 
as the number of trials increases. 
This increase in peakedness of the 
speed gradient 
is in agreement 


Figure 1 depicts the 
the gradient 
course of acquisition. 


goal 


during 
with 


acquisition 
data recently 
* It may be recalled that while there was 
an apparent tendency for reward effects on 
running speed to increase with increasing 
deprivation, the opposite tendency appeared 
to be present in the starting speed data. If 
these effects had been significant, starting 
speed would be determined by the exponential 
summation (.) of deprivation and reward, 
and running speed by their multiplication. 
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FEET TRAVERSEL 


Fic. 1. 


training: 


Goal gradient at three levels of 
Trials 6-10, 11-20, and 
(Zero feet traversed indicates starting speed.) 


51-55 


obtained, by the writer, using a bar- 
apparatus (Weiss, 1958). 
Figure 1 also indicates that there is 
a change 


pressing 


in the acceleration of both 


the ascending and descending slopes 
of the goal gradient during the course 


of acquisition. On Trials 6-10 the 
ascending slope of the goal gradient 
appears concave downward, this trend 
appearing more clearly in the de- 
scending The intermediate 
goal gradient is more nearly linear, 
while each of the two slopes of the as- 
ymptotic gradient is concave upward. 
The goal gradient at four levels of 
reward magnitude is shown in Fig. 2. 
Trials 6-10 (first 
were employed. 


slope. 


replication only 
(As is clear from 
the preceding sections, the goal gra- 
dient was most marked at asymptote, 
but deprivation and reward effects 
on speed of running 
earlier in 


were greater 
acquisition, and_ earlier 
acquisition trials have therefore been 
used here.) The effect of reward 
magnitude on speed appears to be 
greater in the middle of the alley 


o 


SPEED (/t) 
rs 


nN 








| 2 


FEET TRAVERSED 


Fic. 2. Goal gradient at four levels of 


reinforcement magnitude. 


than the start or end. These results 
are not in agreement with those of 
Crespi (1942), which appear to indi- 
the 
goal gradient as reward magnitude 
increases. The goal gradient at four 
levels of deprivation is shown in Fig. 3. 
The effect of deprivation on speed 
appears to be more pronounced in the 


cate a decreasing steepness of 





4 


2 
FEET TRAVERSED 





Fic. 3. Goal gradient at four levels 


of deprivation. 
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middle of the alley than at the start 
or end. 


Since Hull's (1934) initial study of the 
goal gradient, 
regarded as 
effects: (a) 
forcement, 


been 
gradient 


have 
contributing to 
within-chain delay of rein- 
and (b) generalization of 
stopping from the termination of the 
response chain to earlier points in the 
chain \ recent study (Weiss, 1958) 
appears to indicate that the inhibitory 
stopping) variable is operative even 
when i 


two factors 


(as in a bar pressing situation) 
there is no physical 
to slow down gradually before stopping 
completely. In addition to this aspect 
of inhibition, the inhibition generated 
by the work involved in responding may 
be regarded as accumulating from the 
onset of the response until its termina- 
tion (Hull, 1943). 
ating in opposite directions, thus appear 
to be involved in 


Two varial les, oper- 


the determination of 
gradient: incentive (K) and 
(1). This interpretation is 
supported by the results of studies in 
which distance from the goal was varied 
between by varying the length 
of the behavior chain to be learned and 
measuring speed at the beginning of each 
chain. Weiss (1958) varied both work 
and response length and found an effect 
of duration of effort (inhibition) which 
appeared to be independent of any effect 
of within-chain delay of reinforcement 
Studies 

markedly 


the goal 
inhibition 


groups 


straight alleys of 
different length obtained ef- 
fects which appear to be due to delay 
(Besch .& Reynolds, 1958; Hull, 1934) 
though Fredenburg (1956) did _ not 
obtain speed differences in a_ study 
involving a smaller difference (4 vs. 11 
ft.) in alley length. It may be noted 
that goal gradient effects are obtained 
even when the work involved in the 
response is too low to produce between 
work-duration effects (Weiss, 
1958) or when, as in the present study, 
the distance between the various points 
in the alley is not as great (absolutely 
or relatively) as would be required to 
produce between groups delay effects. 


employing 


groups 


If the simplifying assumption were 


necessity for S 
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made that the ascending portion of the 
goal gradient represents the effects 
of delay, relatively uncontaminated by 
inhibition, the following interpretation 
of the data reported in this study could 
be made. The diverging gradients at 
different levels of training might reflect 
an interaction between delay of rein- 
forcement and number of trials, which 
would be in accord with the theoretical 
assumption of a multiplicative relation 
between incentive motivation (K) and 
habit strength (H). The diverging 
gradients at different levels of depriva- 
tion would then imply a multiplicative 
relation between 
reinforcement and deprivation time, 
which ‘is not in agreement with the 
theoretical assumption of an additive 
relationship between D and K. Of 
greater importance, however, is the 
contradiction between this interpretation 
and the results of Besch and Reynolds . 
(1958) who found no interaction between 
deprivation and alley length. The 
simplifying assumption made above would 
thus appear to be untenable. 

The interpretation above also involved 
a second assumption—that speed bears 
an identical relationship to £ in 
section of the alley. This assumption 
is called into question by a recent 
exploratory study (Logan, 1960), em- 
ploying Hull, Felsinger, Gladstone, and 
Yamaguchi’s (1947) adaptation of paired- 
comparisons scaling procedure for quan- 
tifying E. The relationship between 
speed and E appears to be linear in each 
section of the alley, but the constants 
in the linear equations differ. If, for 
example, E =2 X Speed in one part of 
the alley, and 10 X Speed in another 
part, the gradient of E could very 
easily differ in shape from the gradient 
of speed. The present indications (Lo 
gan, 1960) are that the gradient of 
scaled E is a monotonic decreasing 
function of distance from the goal 
Adequate theoretical interpretation of 
goal gradients of speed must, therefore, 
wait on a satisfactory solution of the 
problem of appropriate units-of-measure- 
ment, as well as a separation of incentive 
and inhibition effects. 


within-chain delay of 


each 
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SUMMARY 


The effects of deprivation time and reward 
magnitude on speed in the five segments of a 
straight alley were studied by means of a 
modified 4 X 4 factorial design. Deprivation 
time and reward magnitude appeared to 
combine additively (significant main effects, 
nonsignificant interaction) to determine start- 
ing speed, as is implied by an assumption 
of an additive relationship between drive 
(D) and incentive motivation (K). Reward 
effects on asymptotic running speed fell 
short of significance, though an analysis of 
earlier trials did tend to suggest that depriva- 
tion and reward magnitude 
additively to determine running speed. 
Reward effects on running speed (Trials 
1-20) appeared to increase as deprivation 
increased, but this interaction did not ap- 
proach statistical The goal 
gradient was found to increase in steepness 
during the course of acquisition, and the 
effects of deprivation and reward were both 
greater in the middle portions of the alley 
than at the start or end. The gradient data 
were discussed in terms of the effects of with- 
in-chain delay of reinforcement, duration of 
effort, and generalization of inhibition, as well 


also combine 


significance. 


as in relation to a problem of appropriate 


units of measurement 
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SOME DETERMINANTS OF TWO-DIMENSIONAL 
VISUAL TRACKING BEHAVIOR! 


JACK A. ADAMS 


AND 


University 


In the beginning it is common for 
psychological research on a topic to 
receive its impetus trom problems 
and observations of everyday human 
activities. As the research progresses, 
a process of simplification and ab- 
straction ensues where investigators 
seek isolated and controlled mani- 
festations of the phenomena to ob- 
serve uncontaminated actions of one 
more variables. In pursuing this 
traditional course of law-finding, sci- 


or 


entists become in¢ reasingly removed 
from the complex situations which 
The 


general presumption is that our sci- 


first initiated the observations. 
entific understanding of complex be- 
havior will tend to emerge as more 

more of the laws derived in simple 
While this 
presumption is essentially correct, it 
must be kept in mind that a complex 
phenomenon is more than an aggre- 
gate of simple phenomena because 


situations are uncovered. 


it can involve new variables and inter- 
ictions among known variables that 
Laws 
governing simple phenomena cannot 
necessarily assembled 


are absent in simpler contexts. 


be in an a 
priori fashion to unequivocally explain 
complex activity. Instead, they must 
be examined empirically within the 
complex situation itself to determine 
whether new factors and relationships 
are present. While a few investiga- 
tors always show a steady interest in 


research at the level of the complex 


'This research was supported by the 
United States Air Force under Contract No. 
AF 49(638)-371, monitored by the Air Force 
Office of Scientific Research of the Air 
Research and Development Command 


LOUIS V. XHIGNESSE 


of Illinois 


that 
research relatively restricted, 
simple domains dominates the total 
effort Only after a 
solid substructure of research has been 


domain, it safe to 


on 


seems say 


for a long time. 
built does a more intensive attack be- 
gin on behavior in complex situations. 

Research on tracking behavior is 
following this traditional progression. 
Mainly, the goad for laboratory 
research in tracking arose out 
complex applied tasks where a human 
operator was 


of 
a tracking element in 
a closed-loop system and had the job 
of continuously nulling a displayed 
error quantity. Several hundred ex- 
periments, mostly since World War 
11, document the concern with track- 
ing (Lockard, 1956), and much of it 
is basic in orientation. Almost all of 
this research has been done on simple 
tasks at- 
tends to a single stimulus source with 
variation of 
ind responds with a control system 
having 
ment. 


one-dimensional where S 


unidimensional events 
a single dimension of move- 
Recently, however, there has 
been. more attention given to variables 
in the organization of complex track- 
ing tasks having two or more stimulus 
sources and a corresponding number 


of dimensions of the control system 


for response to them (Charipper, 
1959; Fitts & Simon, 1952; Jackson, 
1958; Sweeney, Bailey, & Dowd, 
1957). Uncovering relationships for 
these more complex systems should 
proceed at a good rate because the 
research will be grounded in a matrix 
of knowledge about the one-dimen- 
sional component tasks that comprise 


the whole. Some of our present 
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research needs lie in further develop- 
ing an understanding of the inter- 
action of simple effects and the nature 
of new variables in these more com- 
plex tasks (Adams, in press). The 
experiment to be reported here is 
broadly directed toward this problem 
in two-dimensional visual tracking. 
One of the primary new variables 
in two-dimensional visual tracking, 
absent in one-dimensional visual tasks, 
is the spatial separation of stimulus 
sources which places a requirement 
for an observing or scanning response 
(Adams, in 1952; 
Wyckoff, two 
stimulus error. 
When are 
together the demands on the observ- 
ing response are low because S needs 
only to orient his eyes to each source 
or, conceivably, might be able to 
apprehend two different events simul- 
taneously in his visual field and 
differentially respond to them without 
eye But, as 
the sources become widely separated, 
S must use head and eye orientations 


Senders, 
the 
detect 
sources 


press ; 
1952) to 


sources 


scan 
and 


stimulus close 


scanning movements. 


to successively sense events at each 
source. It would seem 


for response proficiency 


reasonable 
to decrease 
as the degree of spatial separation 
the wider the 
separation the greater the likelihood 
that error will go uncorrected while 
S is momentarily watching the other 
source. However, there are at least 
two other variables which might be 
expected to interact with spatial 
separation. One of these is the degree 
of coherency or predictability of the 
stimulus events in each source. <A 
human S has a well-known and potent 
capability for learning the dependen- 
among events and to develop 
perceptual anticipation (Bartlett, 1951; 
Poulton, 1952, 1957). 
of anticipation, S 


is increased because 


cies 


In the absence 
will wait for 
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stimulus change to occur before 
initiating response which means that 
he will have error as a function of 
at least one time interval. 
But, with anticipation, the response 
movement will be initiated momen- 
tarily the change and the 
control system will be in the correct 
position at the time the change actually 
occurs. To be identified as beneficial 
anticipation the interval between 
stimulus and response onset must be 
less than the expected reaction time 
interval (Helson, 1949; Poulton, 1952). 
Ideal anticipation would be perfect 
time stimulus and 
If both events appearing 
simultaneously in two are 
predictable S can respond to them 
with minimum or even no 
the moment of 
because he ‘‘knows”’ 


reaction 


before 


coincidence of 
response. 


sources 


visual 
response 
what the correct 
should be. If only one 
of the sources has a predictable event 


sensing at 
responses 


S still has an advantage because the 
observing need orient the 
sensors only to the uncertain event, 
thus eliminating the rather pressing 
demand of successively sensing both 


res] Onse 


How- 
low in both 
sources and there are few or no regu- 


events as rapidly as possible. 
ever, if coherency is 
larities to be learned, .‘S has no choice 
but to maintain a highly active scan- 
ning of both sources in an attempt 
to sense event changes as soon as they 
occur. 

The other variable which might be 
expected to interact with spatial 
separation is the speed of event change 
at each stimulus source. When the 
events change rapidly S stands a 
good chance of missing some of them 
them late 


or sensing because, his 


observing response cannot keep up 


with all of the stimulus activity 
Anticipatory behavior might emerge 
here as an important compensatory 
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offset 
high demands that 
task is imposing on 5S. 


mechanism to somewhat the 


particularly the 

The experime nt to be reported was 
designed 
with a 


to explore these 
2X22 factorial 


where two values of spatial separa- 


matters 
design 


tion, stimulus coherency, and speed 
of event change were studied in a two- 
visual 


dimensional discrete 


task. 


tracking 


METHOD 
The 


sional discrete tracking appa 


1 pparatus 


the two-dimen 


experimental task wa 
ratus, a pursuit tracking task with two visual 
stimulus sources. Each stimulus source had 
stimulus lights which were 
automatically programmed and S had a three- 
each hand 
3eneath each stimulus light 
feedback light which informed 5S 
whether he had the control in the 
position As in any pursuit tracking task, 
5 responded to keep the stimulus and feed- 
back indicators aligned as 


three discrete 


position control stick wu ior re- 
sponse to them 
* Was a 


correct 


much as possible 
ind keep the error discrepancy between them 

The control stick for 
high and was mounted on a 


to a minimum each 
hand was 2 in 
flat arm rest of the chair in which S 
seated Ihe control stick was attached 
to a three-position switch which returned the 


control 


broad, 


Was 


to the center position when released 
Spring leaf contacts on the switch minimized 
the feeling of discreteness that is ordinaril, 
The control was essen 


present in a switch 


tially free and easy to operate, although there 


was a slight spring leaf resistance as the con 


trol was moved to either position from center 
Movements of the control and the displayed 
feedback lights were completely compatible 
The left-hand co: was for the stimulus 
source on the left and the right-hand control 
was for the source i the right The line of 
was parallel with the 
movement of the feedback lights. Further 
the directional the 
feedback lights was the same as the directional 
movement of the control 
for the control 
simple as possible 


trol 


control movement 


more, movement of 
The gen ral intent 


system was to make it as 
Che two stimulus sources were at a distance 


of 32 in. from S and at eye level on a 180 
semicircular metal track. The stimulus 
sources could be moved along the track to 


attain any amount, of spatial separation up 
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to 180°. Each stimulus source was a small 
metal box with a front surface of 2 X 3} in 
The consisted of two horizontally 
arrayed lights. The three stimu- 
lus lights were in the top row and were red, 
white, lamps of 4 in 
diameter, with the white light in the center 
Directly under each light 
feedback light which 25-w 
indicating lamp 
yellow-orange 


source 
rows of 
and 


green jeweled 


stimulus was a 
was a 1 
NE-2 and glowed 
when illuminated 
For both sources, the presentation of stimulus 
events and the timing of their duration was 
programmed on five-hole punch tape and 
read by a motorized tape reader, Model 2, 
1anufactured by the Commercial Controls 
Corporation. Everything, including inter- 
trial rest periods, was programmed on the 
tape so that an entire experimental session 
ran off without intervention from E. 
Description of stimulus series 
the role of perceptual 
coherency variable 
two sets of probability tables 
high a low degree of 
organization for the stimulus 
Table 1 gives the zero-order and 
conditional probability tables for each degree 
of stimulus organization. The redundancy- 
was 68% for the high-coherency series and 
37% for the low-coherency series (Attneave, 
1959 For any particular 


neon 
Type 
distinctive 


Because of 
hypotheses about 
anticipation, a 

specified by 
which defined a 
statistical 
events 


was 


and 


experimental 


TABLE 1 


ZERO-ORDER AND CONDITIONAL PROBABILITY 
TABLES FOR THE Two COHERENCY 
LEVELS OF STIMULUS 
ORGANIZATION 


Red 
White 


(Creer 


Red White Gree: 


Red 
White zs 


Green 


Red 50 
White 50 
(sreen 0 


Note.—The conditional tables give the probability of 
a jth event following an ith event 
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condition, the events in each of the two 
sources used the same set of probability tables, 
but the events for each source 
pendently generated. The rate of events 
was either 1 per sec. or 1 per 2 sec., which is 
the amount of time that an event remained 
on before change and is similar to cycles per 
second for, say, a sine wave input in con- 
tinuous tracking because it determines the 
number of response changes per unit of time. 
There was no dead time between events 
They were perfectly contiguous in time. 
Table 1 shows that for a source in the high- 
‘coherency case no event follows itself and 
every colored event is always followed by a 
white event. However, a white event has a 
.50 probability of being followed by red or by 
green. Such a series for a source might look 
like red, white, red, white, green, white, red, 
white, etc. In the low-coherency case, how- 
ever, a colored event has a probability of .50 
being followed by itself or by a white event 
This meant that a colored event, in sometimes 
repeating itself, persisted for longer than the 
1 or 2 sec. defined as the duration of each 
event for any particular group. Thus, on 
the occurrence of three successive red events 
for a 2-sec. condition, S would be confronted 
with a requirement in a source to hold the 
control aligned with red for 6 sec. A low- 
coherency series in a source might look like 
white, red, red, white, green, green, white, 
red, red, red, etc. All events are treated as 
discrete and of fixed duration for the purposes 
of constructing the probabilistic, time-based 
series but, by allowing an event to repeat 
itself in the low-coherency case, S sees some 
events as being longer than others. Thus, 
in the low-coherency case the within-source 
instability low between-source 
coherency because S is never certain when a 
colored event will change in either source 
This is to contrasted with the high- 
coherency where the within-source 
regularities give high between-source coher- 
ency because a colored event in the left source 
is always paired with a white event in the 
right-hand source, and both of them simul- 
taneously change to a white event in the left 
source and a colored event in the right source. 
In the high-coherency series S always has an 
event class present in one of the stimulus 
sources which he 


were inde- 


also gives 


be 


series 


can notentially 
an potentially 


predict 


in time and type and reduce the requirement 
for visual scanning, while in the low-coherency 
series he never has this stability. 
better way of characterizing it is in terms 
of the type of certainty which is present 
for the various classes of events. 


Perhaps a 


In the high- 


coherency series, the white events have 
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event-lime certainty because white invariably 
follows a colored event after a fixed presenta 
tion time for the colored event. Both the 
type of event and the time of occurrence 
are rigidly established. The colored events 
in both the high and the low series have time 
certainty because the white events preceding 
them always have a fixed duration, although 
it cannot be specified whether the color of the 
next event will be red or green. A white event 
in the low series has event certainty because it 
always follows a colored event, but the time 
of occurrence is uncertain because the preced 
ing colored event has varying duration. The 
nature of the task prov ides some confounding 
of time uncertainty and event uncertainty i 
the two levels of coherency. Within a level 
of coherency, we are unable to independently 
manipulate event and time certainty. 

A remark is in order on the design of the 
probability tables. The restriction of a white 
event always following a colored event gives 
the same constraints to the stimulus events 
that are in the mechanical design 
of the control system 


inherent 
It is impossible for 
the control stick to pass from a red event to a 
without first passing through 
white, and so it is necessary to impose the 
same transitional constraints on’ the stimuli 
Otherwise the stimulus’ states 


sequences (e.g., red, green, red 


green event 


could have 
which could 
not be followed by the control system without 
error. By having the same constraints apply 
to both stimuli and control, the stimuli do 
not take action which, in principle, cannot 
be matched by Failure 
to match can then be interpreted in terms of 
behavior instead of the task design 
The 
ure of proficiency used was simultaneous time 
on target, which is the amount of time 
on a trial that S had the stimulus lights and 
feedback lights 
both stimulus In 
Esterline-Angus operations recorder wa 
used on selected trials to record all stimulus 
and events A detailed analysi 
was made of the chart records taken on the 
final trial (50 
Experimental design 
torial design was used, with 
assigned 
two levels of 
and low, described 
separations were adjacent and separated 
adjacent condition had the stimulu 
symmetrically aligned 5° on either side of the 
median plane of S's visual field. For the 
separated condition the symmetrical align- 
ment of sources was 30° from the 


the control system 


Response measurement. overall meas 


simultaneously aligned i 


sources addition, 


response 


ae ce ee” 
12 Ss randomly 
the eight groups he 
stimulus coherency 


to each of 
were high 

Spatial 
The 


sources 


as previously 


median 
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the two 
small rectangular boxes containing the lights 
and the 
virtually touching, separated 
condition they had a disparity of 60° on the 
track. The values of the 

were ] se 2 


plane In the adjacent condition 


serving as stimulus sources were 


whereas in the 


semicircular 
variable 


two 
rate and SEC [he 
designation of each group and its experimental 
treatment is as follows: 


lreatment 


DD PF DD y> > 


Each S had 50 practice trials distributed 
over three experimental three 
different days were admin- 
istered on each of the first two days, and 10 
trials on the third day \ trial was 100 sex 
in duratior Intertrial rest was 40 sec Iwo 
tapes (high- and low-coherency) 
groups presente d 2,000 events at 


sessions on 


Iwenty trials 


program 
for 1-sex 
each stimulus source during a 20-trial experi- 
mental with the 2,000 events ir 
source independently 


ession, 1 each 
being generated 


@ 
° 


N“N 
°o 


ea 
°o 


ow 
° 


be 
Z 
O 
O40 
Ld 
S 


ul 
°o 


i) 
°o 


re) 
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with the 
lable 1 


for the 2-sec. 


uccordance probability structure 
The two program tapes 
groups presented 1,000 events 
at each source during a session, and these 
were the first 1,000 events of the 2,000 given 
to the 1-sec. groups. The same program tapes 
were used for each session. Instructions 
emphasized the totality of the task and the 
importance of keeping both stimulus sources 
in simultaneous alignment as much as 


shown in 


possible. 
Subjects.—The 96 Ss were undergraduate 


iniversity men. They were paid for their 


participation. 
RESULTS 


Figure 1 presents the performance 
Mean 
simultaneous time on target is plotted 
trials. The plotted 
value is the mean of two trials. 
breaks in the represent the 
intersession intervals. A Lindquist 
Type I trend analysis design (Lind- 
quist, 1953) was performed on the 


curves for the eight groups. 


against point 


The 


curves 


simultaneous time on target measure 


eS 


ee ee ee | 


=-. os 


4. rt 





be 
Wu 
© 
“ 
be 
z 
3 
lu 
= 
aa 
n 
| 
5 
re 
& 
= 
— 
= 
DH 


° 


24 40 44 4850 


TRIALS 


Mean percentage time that the two stimulus sources were being simultaneously 
(For ease of interpretation, all high-coherency groups are coded with a broken line 
tween symbols, all low-coherency groups with a solid line between symbols, all adjacent 


groups with open symbols, 
straight-line symbols, and all 2-se« 


all separated groups with solid symbols, all 1-sec. 
groups with curved line symbols.) 


groups with 
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for all eight groups over the final 10 
trials? and revealed, what is obvious 
from Fig. 1, that the experimental 
treatments were highly potent deter- 
miners of final proficiency level. 
A null hypothesis test of Methods 
variance was significant beyond the 
.01 level, as was the Trials by Methods 
interaction variance in a test of the 
null hypothesis the 
trial means. 


for trends of 


Because of the number of treat- 
ments, it will clarify the exposition 
to examine the effects of each of the 
variables separately. The analysis 
is concentrated on terminal levels of 
proficiency. 


Effects on Simultaneous Time on Target 


High coherency.—One of the most 
significant findings is that regularities 
of the high-coherency stimulus series 
result in learned behavior which 
largely eliminates effects of the spatial 
separation of stimulus sources. While 
a Type I analysis for the four high- 
coherency groups (HA-1, HS-1, HA-2, 
HS-2) allows a rejection of the null 
hypothesis at the .01 level for the 
Methods variance and the .05 level 
for the Trials by Methods variance, 
these differences are almost com- 
pletely determined by the rate vari- 
able. Examination of Fig. 1 shows 
that Groups HA-2 and HS-2 have 
about the same performance level, 
and HA-1 and HS-1 
exhibit equivalent levels of pro- 
ficiency. Neither a Type | analysis 
for HA-2 and HS-2, nor for HA-1 and 
HS-1, gave significant F ratios at the 
05 level. It can be concluded that 
with a given rate of event change the 


Groups also 


separation of stimulus sources makes 
no difference for performance as long 
2 All subsequent references to a Type I de- 


sign also will be for the final 10 trials with 
simultaneous time on target as the measure. 
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the stimulus series has _ high 


coherency , 


as 


In contrast to the 
high-coherency groups, the low-co- 
herency groups are fully differentiated 
on all other variables. Figure 1 
shows that among the four low- 
coherency groups (LA-1, LS-1, LA-2, 
LS-2) the 2-sec. rate results in higher 
performance than the rate. 
Within any rate condition, the sepa- 
rated stimulus sources produce poorer 
performance than the adjacent ones 
(Fitts & Simon, 1952). In the 
absence of stable regularities in the 


Low coherency. 


1-sec. 


stimulus series, performance is quite 


sensitive to the effects of the other 
variables in the experiment. A Type 
I analysis for the four low-coherency 
groups allowed rejection of the null 
hypothesis for the Methods variance 
and the Trials by Methods variance 
at the .01 level. 

Figure 1 also shows that the forms 
of the acquisition curves for low- 
coherency groups are different from 
those of high-coherency groups. All 
of the low-coherency curves are es- 
sentially linear with gradual slope, 
while the high-coherency curves have 
the negatively accelerated curvilinear 
characteristics commonly associated 
with visual-motor learning curves. 

Adjacent sources.—The four adja- 
cent groups (HA-1, LA-1, HA-2, 
LA-2) had performance levels differ- 
entiated by the rate variable only. 
When stimulus sources are close to- 
gether, it makes no difference whether 
coherency is high or low—only whether 
A Type I analysis 
for the four adjacent groups gave F 
ratios for Methods variance and the 
Trials by Methods variance that were 
significant beyond the .01 level 
However the role of the 
rate variable is shown by performing 
the same Type | analysis separately 
for Groups HA-2 and LA-2, and for 


rate is fast or slow. 


of 


confidence. 
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Groups LA-1 and HA-1. Neither of 
these lesser analyses, where the groups 
differ only in terms of stimulus co- 
herency, allowed a rejection of the 
null hypothesis for the Methods vari- 
ance, although their Trials by Meth- 
variance the 
.O1 level. 

Separated sources. 


ods was significant at 
When the stim- 
lus sources are separated, both rate 
and coherency function to differenti- 
ate Groups HS-1, LS-1, HS-2, and 
LS-2. In contrast to adjacent sources 
where only rate made a difference, 
here we find that both 
coherency contribute to 
groups differences. 


and 
between- 
Apparently, just 
as with the demanding low-coherency 
condition, the 
stimulus sources is exacting and makes 


all 


separat d 


rate 


wide separation ol 


a difference for other variables. 


When the 
are subjected to a Type | analysis, 
the Methods variance and the Trials 


four groups 


by Methods variance permit rejection 
of the null hypothesis beyond the .01 
level. 

One-second rate—A Type | analy- 
sis for Groups HA-1, HS-1, LA-1, 
and LS-1 produced a Methods vari- 
ance and Trials by Methods variance 
significant beyond the .01 level. This 
meth- 
ods means was primarily contributed 
by the inferior performance of LS-1. 
A Type I analysis for only HA-1, 
HS-1, and LA-1 gave an F ratio for 
the Methods variance that lacked the 
01 probability level, although the 
Trials by Methods variance was sig- 
nificant at the .01 level. 


Two-second rate. 


significant difference among 


The ordering of 
2-sec. groups is about the same as for 
l-sec. groups. A Type I analysis for 
HA-2, HS-2, LA-2, and LS-2 gave 
an F ratio for the Methods variance 
which is significant beyond the .01 and 
a nonsignificant Trials by Methods 


variance. The methods difference 
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was a function of the lower perform- 
ance level of Group LS-2. Deletion 
of LS-2 from the Type I analysis 
resulted in a nonsignificant F value 
for methods. 

All 2-sec. groups average a higher 
performance level than the 
for this would 
seem to be that response to each event 
result 
time and the 2-sec. groups had only 
half as many trial 
as the 1-sec. groups (see next section 
on Response Time Analysis). 


1 -80c. 
groups. The reason 


can in some slight off-target 


responses On a 


Response Time Analysis 

Proficiency in discrete tracking 
is primarily a function of the accuracy 
of timing the response to each stimu- 
To the extent that S 
is responding to a stimulus event as 


lus change. 


in a classical reaction time experiment 
where his response occurs after the 


onset of the stimulus, his off-target 


time will be equal to his reaction time 
which, in turn, is a function of the 
experimental conditions. 
if S can learn to anticipate certain 


However, 
classes of events under particular 
experimental conditions, then ideally 
his time can be shorter 
than the expected reaction time value 


res] 0OTISe 


and his time-on-target score will be 
proportionately increased. 
ticipatory 
because they are so premature that 
they result in more off-target time 
than if S merely had waited for the 
stimulus event to occur and then 
classical reaction 
However, well-learned antici- 
patory responses will closely bracket 
the onset of the stimulus event and 
result in less off-target 
the optimum 
(Poulton, 1952). 
On Trial 50, for each S, each hand, 
each event, the time between the 
onset of the stimulus event and the 


Some an- 


responses can be poor 


responded as in 
time. 


than 
value 


time 


reaction time 
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onset of the response was measured 
from the chart records of the recorder 
and analyzed to see how these re- 
sponse times vary as a function of the 
experimental treatments. If reaction 
time is taken to mean response latency 
to the occurrence of a stimulus, then 
it is perhaps best to refer to these 
measures as response times (RT) 
because anticipatory behavior results 
in some of them occurring coincident 
with the stimulus or before it, as 
will be shown. To reduce the thou- 
sands of RT measures to manageable 
proportions, an RT score for Trial 50 
was computed for each S, each hand, 
white events, and colored events. 
Thus, each S had a Left-White RT 
Score, a Left-Colored RT Score, a 
Right-White RT Score, and a Right- 
Colored RT Score. Each S’s score 
was a mean of individual RT values 
for the hand and events 
indicated. If an RT preceded the 
onset of the stimulus it was given 
a positive sign, and if it followed 
the stimulus it had a negative sign. 
These were retained in the 
computation of the RT score. Com- 
plete omissions were separately cate- 
gorized. An RT score involved only 
the response times of correct responses, 
which was virtually all responses on 
Trial 50. Red and green stimuli were 
pooled as a common category of un- 
certain colored events because their 
respective demands on S were essen- 
tially the same. 

Table 2 gives the Trial 50 mean 
in milliseconds for each group for 
each of the All of the 
values are negative, signifying that, 
on the average, 
after the 
The row grand 
values which 
both 
values in 
should be 


class of 


signs 


RT scores. 


oct urred 
stimulus. 
overall 


response 
the 
means 
include all 
hands. In interpreting RT 
terms of proficiency, it 
kept in mind that 2-sec. 


onset of 
are 
events for 
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TABLE 2 


RT Scores (MseEc 
GROUP ON 


MEAN OF ) FOR EACH 


PRIAL 50 
Left Hand Right Hand 


Group 
White 


Events 


| 
White | ¢ 


Events 


jlored 


Events 


Colore« 
Events 


-181 368 | 
406 -419 
$34 415 
$75 475 
181 337 
372 —379 

- 566 — 543 
673 687 


nN 
Iwe~7 


-~Awrna 


Un de bo de oe de DO 
~~ 
1 oS 


LPR Dy 
~rmoetoe 


“Iu 


had 


changes as 


half as 


1-sec. 


groups many resporise 


groups, low-co- 
herency groups had fewer response 
changes than high-coherency groups 
because colored events were oc casion- 
ally prolonged, and simultaneous time- 
on-target which, 
of response pairs, is only partly a func- 
tion of average RT. Table 3 gives 
a summary of the results of a 2x22 
analysis of variance of each of the 
four Trial 50 RT scores. 


as time coincidence 


A significant Table 2 
is that the high-coherency, 1-sec. 
groups have impressively short RTs 
to white events, whether the stimulus 
sources are adjacent 


aspect of 


or separated. 


rABLE 3 


LEVELS FOR F TESTS OF 
RT Scores 


SIGNIFICANCI 


Left Hand Right Han 


Coherency (C 
Rate (R 
Separation (S 


CXR 


ee 
R X 
C Xx 


I 
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rABLE 4 


PERCENTAGE OF ALL RT VALUES ON TRIAL 

THE RANGE OF +133 MSEC. AND 

CONSIDERED BENEFICIALLY 
ANTICIPATORY 


SU 


lored White Colored te 
ents Events Event Events 
0.0 
0.0) 
0.0 
0.0 
1.i 
0.0 
0.9 
0.0 


26.0 
1.0 
0.0 
0.0 
31.0 
0.0 
0.6 
0.0 


8.0 
0.3) 
0.0 
0.0) 
~ | 


7.2) 
0.0 
0.0 
0.0 


| 0.0 
10.0 
0.0 
0.0 


28.0 (5.0 
1.0 (0.0) 
0.2 (0.0) 
0.0 
5.0 34.0 
0.0 0.0 
1.6 2.5 
0.0 0.0 


values ir 
lue 


This might be expected on the basis 
alone, 
groups 
which have event-time certainty have 
white RTs which two to three 
times longer. RT values are 
the duration 
to 


of their event-time certainty 
but the Tigh-cdherency, 2-sec. 


are 
Short 
function 


somehow a ol 


of stimulus events, in addition 
event-time certainty. 

Table 4 elucidates this by showing 
that Groups HA-1 HS-1 
have a sizable percentage of response 
to that 


interpreted as beneficially 


only and 


times white events can be 
anticipa- 
tory. This table gives, as the primary 
the all RT 
measures 50 that 
fall within msec. 
The 
centages are judged to be anticipatory. 
The this 
essentially same as 


1952), 


entry, percentage ol 
made Trial 
the +133 


determining 


on 
range 
scores these per- 
judgment is 
Poulton’s 
for 


rationale for 
the 
namely, that if S waits 
the stimulus to occur before respond- 
ing, as in classical reaction time, he 
would have a minimum off-target RT 
in the approximate range of 150-250 
(Klemmer, 1956, 1957). The 
RT scores used for the percentages 
in Table 4 are substantially less than 
that and allow the reasonable infer- 


msec. 
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anticipatory 


This is 


that a_ positive 
mechanism is operating. 
further supported by the values in 
parentheses which give the percentage 


ence 


of perfect responses where response 
occurrence exactly with 
onset of the stimulus event and results 
off-target time 

Ithough the percentages ol coinci- 
dent tend be small 
because of the stringent simultaneity 
requirement, Groups HA-1 and HS-1 
have an impressively larger percentage 
of them than the other 
Moreover, only these 
had negative and positive RT values 
around zero, although the distribution 
was asymmetrical with the majority 
them All of the other 
groups had almost all negative values, 


coin ides 


in no whatsoever. 


responses to 


groups. 


two groups 


ol negative. 
with rare and random zero and posi- 
tive RTs. It must be concluded that 
the kind 
has high 
fast rate 


anticipatory behavior of 


that enhances proficiency 
stimulus coherency and a 
among its determiners. 

shows that low- 


Figure 1 the 


coherency, separated groups perform 


rather poorly, and Table 2 
borates this by showing that these 


corro- 


groups had relatively long RT values. 
Group LS-1 has particularly poor 
performance and Table 5 helps to 


FABLE 5 


NUMBER OF OMITTED RESPONSES ON 
RIAL 50 


DPM 


NR=rmeme i 


'y by 
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explain it further by showing a 


disproportionately large number of 
omitted responses for this group. 


DISCUSSION 


Of basic significance for understanding 
complex tracking behavior is the role 
of stimulus coherency and its interrela- 
tions with the spatial separation of 
stimulus sources and the rate of change 
of stimulus events. When coherency is 
low, S is denied enough event regularities 
which make for prediction behavior 
so the response to each event in each 
source is much the same as in 
motor reaction time studies where S’s 
response follows his direct sensing of it 
Whether S is on a colored event and must 
prepare for a white event, or whether 
he is on a white event and has a colored 
event coming next, he is 
uncertainty. 


visual- 


faced with 
When he is on a colored 
event there is time uncertainty because 
he can never be quite sure when the 
white event will occur. This constitutes 
a variable foreperiod, for reaction to 
white and Klemmer (1956, 1957) 
shown that reaction time is increased 
under these circumstances. And, when 
S is on white, he is confronted with event 
uncertainty because red and green are 
equally probable next events. 
is known to increase reaction time 
(Bricker, 1955). As a result of these 
continual uncertainties S has a pressing 
requirement for visual scanning because 
he must always strive to keep oriented 
to each stimulus source as much as 
possible to know what response change 
is required of him. There is never 
enough certainty in the stimulus series 
for him to acquire a predictive capability 
which would reduce some of the visual 
scanning requirements. Visual scanning 
of two sources is rather easy when the 
stimulus sources are adjacent and event 
rate is slow, but the demands are sub- 
stantially heightened when sources are 
separated and the rate of events in- 
creased. The expectation, which is 
supported by the data in Tables 2 and 5, 
is for missed or late responses because 
of the likelihood that S’s eyes and head 


has 


This also 
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will be momentarily oriented away from 
an event change. The low-coherenc\ 
groups with the separated stimulus 
sources (Groups LS-1 and LS-2) had 
longer RT values (Table 2) than the 
two low-coherency groups with adjacent 
sources (Groups LA-1 and LA-2), and 
one of the surmised to be 
that Ss were not oriented to a 
source when an event change occurred 
and RT was increased by the delay of 
orienting to it. Table 5 shows that 
missed responses were a factor only for 
Group LS-1, the most difficult of the 
experimental conditions. The behavioral 
demands imposed by low coherency, 
fast rate, and wide separation of stimulus 
sources must, at times, be excessive and 
cause Ss to completely omit responses. 
The 
learned which 
reduce a number of 
the low-coherency series imposed on 
responding. It was of special interest 
to find that high-coherency events elimi- 
nate the pronounced difference between 
adjacent and separated sources found 
for the low-coherency series. 


reasons is 
often 


high-coherency series 


behavior 


produced 
functions to 
the demands that 


There are 
two aspects of the behavior of high- 
coherency groups that need discussion 
and clarification. The first is why 
Groups HA-2 and HS-2 have equivalent 
terminal performance even though they 
do not have white RT values in the range 
considered beneficially anticipatory (Ta- 
ble 4). The simplest hypothesis is that 
the scanning response for Group HS-2 
is faster than for Group HA-2 so that 
the sensing of events in two sources 
takes the same amount of time. If this 
is true it must hold ‘only for high-co- 
herency events because LS-2 has a 
distinctly lower performance than LA-2. 
A more elaborate hypothesis is that HS-2 
is manifesting prediction of white events 
for one source while attending to the 
other but that prediction is not revealed 
in zero and very brief RT values as 
found for Groups HA-1 and HS-1. This 
is a tenuous explanation however, in 
the absence of any measured evidences 
of prediction behavior. Explanation 
of this finding must await new indices 
of anticipation. 
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The presence of prediction behavior 
for Groups HA-1 and HS-1 is the second 
intriguing aspect of the high-coherency 
series and is unequivocal because of the 
presence and very brief white 
RT values that could not be expected 
had S responded after sensing the event 
change, as in reaction time. 
Here the challenging problem lies not so 
much with identifying predictive be- 
havior as it does with asking the mecha- 
nism of prediction and how it is carried 
in the organism. There are two promi- 
nent kinds of prediction 
for visual-motor responding. 


of zero 


classical 


possibilities 

The first 
has to do with an environmental stimulus 
complex that is changing dynamically 
in time and S has to learn to initiate a 
time-varying response to a_ particular 
stimulus configuration at Time ¢ such 
that the response or an effect of it coin- 
cides with a later stimulus configuration 
at Time t+ 1 Properly timing the 
swing of a bat to hit a pitched ball 
represents prediction of this sort. The 
batter must learn to start the swing early 
so the bat is in the correct position for a 
hit at the moment the ball crosses the 
plate. An explanation of this kind of 
behavior is quite S-R 
analysis, providing we remember that 
both the stimuli and responses are time- 


amenable to 


varying quantities. The S would appear 
to be starting the response to a present 
Time ft 
response continues in time it 
becomes, through learning, coincident 
the environmental stimulus 
figuration at Future Time t+ 1. Much 
of what term skilled behavior 
bodies this kind of prediction. 


stimulus complex now at and 


as the 


with con- 


we em- 

The second type of prediction, which 
is most relevant for the task of the pres- 
ent experiment, concernsaccurately timed 
the 
complex is 


environ 
constant. 
with a 


responses where present 


mental stimulus 
confronted 
difficult analysis because the unchanging 
external stimuli do not give distinctive 
differential cues to elicit a response 
change at the proper moment An 
example is in the high-coherency task 
where the present colored event was 
steady and unchanging, thus providing 


Here we are more 
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no unique cues to signal S of the proper 
time to initiate his response change so 
that it will be in the new position coin- 
cident with the onset of the next white 
event. Apparently the cuing must arise 
within S. While some may be inclined 
to interpret these phenomena in terms 
of cognitive time perception, it is con- 
sistent with 
to have internal time-keeping for motor 
responses be noncognitive and resident 
in proprioceptive neural networks. 
sider that the movement to a 
event produces a large proprioceptive 
neural discharge. Because the task 
requirement is for S to hold the control 
in position as long as the event persists, 
no additional movement is made while 
the colored event is on and the initial 
proprioceptive proceeds to 
decay in time. Presumably, with the ex- 
tant conceptions of reverberating neural 
circuitry this decay can continue for a 
long time relative to the decay chara 

teristics of isolated nerve fibers (Ruch, 
1951). Regarding the proprioceptive 
discharge as internal stimuli, and know 

ing that it has the property of time 
decay, the hypothesis is tenable that we 
have a changing internal stimulus state 
and it is the unique configuration of 
this state at Time ¢ which cues the 
initiation of a response movement that is 
coincident with a change in the external 
environment at Time t+ 1. We 
predict from this hypothesis that in 


contemporary physiology 


Ce yn- 
colored 


discharge 


would 


addition to stimulus coherency, anticipa- 


behavior is a function of the time 
the producing the 
proprioceptive discharge and of control 
system parameters determining pro- 
prioceptive feedback. This study lends 
some support to the hypothesis by finding 
beneficial anticipatory responses only for 
high-coherency 


tory 


following response 


groups having  1-sec. 


events, not 2-sec. events. 

Our findings are a helpful beginning 
in understanding the role of certain 
variables in two-dimensional visual track- 
ing, but they also impress upon us our 
ignorance of prediction mechanisms and 
the observing response. Our knowledge 
of prediction is at an early empirical 
level and is insufficient for clarifying 
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the explanatory processes. Certain hy- 
potheses have been suggested by the 
results but much research stands 
tween them and verification. A good 
deal of this research could be carried out 
profitably on simpler tasks. In contrast, 
the observing response is most prominent 
in multidimensional tasks and is best 
studied under these more complex condi- 
tions. The evidence for the observing 
response in this study has been inferential 
and did not involve measurement of eye 
and head movements. This+,approach 
of direct measurement is ‘obviously 
important, not only for knowing what 
is seen when, but in determining the 
conditions (if any) under which two 
spatially separated events can receive 
differential response without scanning 
eye movements. Recent technical ad- 
vances in the measurement of eye move- 
ments by a closed-circuit 
technique (Mackworth 
1958) show promise 
accurately correlating 
and stimulus events. 


be- 


television 
& Mackworth, 
of 


movements 


as a means 


eye 


SUMMARY 


A two-dimensional discrete pursuit track- 
ing apparatus with two visual stimulus sources 
and a control stick for each hand was used 
to investigate two values each of stimulus 


coherency, spatial separation of stimulus 
sources, and the rate of change of events 
Stimulus coherency was defined in terms 
of the probabilistic organization of the three 
stimulus lights in each source, and the two 
values used were high and low coherency 
The rate of event change was 1 and 2 sec., 
and spatial separation was 5° and 30° on each 
side of the median plane of S’s visual field. 
It was conjectured that S’s acquired ability 
to predict certain events in the high-coherency 
case would positively influence tracking 
proficiency by permitting S to respond to a 
source in the absence of direct visual atten- 
tion, thereby reducing the requirement for 
visually scanning the sources and responding 
to all events by direct visual sensing. The 
rate of event change was expected to be 
interactive with the other two variables 
because it is a determiner of the observing 
response rate. The experimental 
was a 2X2X2 _ randomized 

arrangement of the eight 
12 Ss in a group. 
administered over 


design 
factorial 
onditions, with 
Fifty 100-sec. trials were 
three 


testing sessions. 
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Intertrial rest interval was 40 sec. The 
principal measure of performance on a trial 
was the time that S was simultaneously 
on target in both sources 

rhe findings revealed that tracking pro- 
ficiency was related positively to the prox- 
imity of stimulus and _ inversely 
to the speed of event change when stimulus 
coherency was low. But, when coherency 
was high, only event rate was a differentiat- 
ing variable. Spatial separation did not dis- 
tinguish between the groups of any given 
rate condition, presumably because S was 
utilizing his capability for predicting high- 
coherency events to reduce the 
of visual scanning when stimulus sources 
were widely Results were dis- 
cussed in terms of hypotheses for prediction 
behavior in visual-motor responding 


sources 


demands 


separated 
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INDIVIDUAL DIFFERENCES IN LEARNING AS A 
FUNCTION OF SHOCK LEVEL 


RACHEL KAPLAN, STEPHEN KAPLAN, ann EDWARD L. WALKER 


University of Michigan 


It is a well known fact that as the 
level of motivation is increased the 
quality of learning tends first to in- 
crease and then to decrease as motive 
levels reach high values. Although 
theoretical explanations of improved 
performance with increases in motiva- 
tion differ rather widely, the phe- 
nomenon itself does not in- 
herently strange. On the other hand, 
the fact that performance breaks 
down at high levels of motivation 
does seem inherently curious. The 
present study is a first step in the 
exploration of mechanisms of decre- 
ments in performance at high levels 
of motivation. 

One of the major difficulties in 
research on this problem stems from 
the fact that curves relating perform- 
ance to some measure of motivation 
are usually curves of group perform- 
ance. Such curves often misrepresent 
the relation motive level 
and performance in a single individual. 
Ideally, one would want a curve 
representing the performance of the 
same S at a number of motive levels. 
Such curves are often difficult to 
interpret they involve re- 
peated testing of the same S and thus 
entail an interaction between 
cessive tests. Performance. at any 
one value of the motivating operation 
then by the effects 
of tests at other levels. The present 
study is a compromise between an 
analysis of group performance and the 
analysis of individual performances. 

A long series of preliminary studies 
confirmed the observation that at 
a given shock level on the grid floor 


seem 


between 


because 


Suc- 


is confounded 


of a T maze there are wide individual 
differences in the behavior of the 
animals. Three classes of behavior 
can be recognized easily and almost 
unmistakably. They are: (a) un- 
motivated behavior in which Ss seem 
not to mind the shock and not to 
learn, (b) learning behavior in which Ss 
learn and can readily reverse sides 
if the escape side is changed, and (c) 


fixated behavior in which S may or may 


104 


not learn to choose the correct side 
but tends to remain inflexibly with 
his first choice regardless of which 
side permits escape from the shock. 

While all three types of behavior 
might be seen at certain levels of 
shock in the maze, the “‘unmotivated”’ 
kind is clearly more evident at low 
levels of the shock, and the “‘fixated”’ 
kind is more frequently observed at 
higher levels. Furthermore, during 
pilot studies the observation was made 
that Ss displaying each type of be- 
havior in the maze seemed to display 
different degrees of ‘‘emotional’’ be- 
havior while being handled during 
the experiment. If S was difficult 
to place in the maze and to remove 
from it, if it squeaked frequently and 
defecated frequently, it seemed more 
likely to display ‘‘fixated’’ behavior. 
If it was very easy to handle, was 
quiet, and did not defecate while being 
handled, it was more likely to show 
“unmotivated” behavior in the maze. 

With these observations as a basis, 
an experiment which 
permitted the investigation of the 
frequency of each type of behavior 
in the maze a function of the 
intensity of shock on the floor. It 


was designed 


as 
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aiso permitted an exploratory investi- 
gation of the relation of a crude 
individual differences in 
“emotionality”’ to various 
behavior in the maze. 


measure of 
types ol 


METHOD 
Subjects 


he Ss were 68 male albino rats ranging in 
age from 90 to 150 days at the time of the 
exper ment They we re CX] rimentally naive 
Apparatus 


The three alleys of a simple enclosed 
T maze were approximately 18 in. in length 
and approximately 4 in. wide and 44 in. high 
The floor of the shock 
throughout The covered 
transparent plastic over the choice arms and 
with hardware cloth over the stem and goal 
rhere three 
one permitting release 
and the others 
the goalboxes. 

arms could be controlled by exchanging black 
and white The 
carried out in a small, 


maze was a grid 


maze was with 


boxes were guillotine gates, 


startbox 


permitting confinement to 


from the 
The colors of the two choic« 


inserts experiment was 
windowless 
jammed with other apparatus The maze 
was illuminated by a 150-w. bulb 2 ft 
above it 

The shock employed was a dc square wave 
at 120 pulses/sec. with a 2-msec. 


tion 


room 


pulse dura- 
There was no appreciable resistance 
other than S in the circuit. Six shock levels 
were used: 20, 25, 30, 35, 40, and 45 v A 
milliammeter wired in series with the stimu- 
lator informed E when the grid was shorted 
out. <A clock attached to the stimulator 
measure latencies 


Procedure 


Each S received 40 consecutive trials 
using the correction procedure. All trials 
for a given S were run at a given shock level 
in a single session with trials following each 
other as rapidly as unhurried handling of Ss 
would permit. There were 12 Ss at each of the 
five higher shock levels, and 8 Ss at the lowest 
level, 20 v. 

The detailed handling procedure was as 
follows. Ona day preceding the experimental 
day each S was handled for a 10-min. period. 
On the experimental day S’s feet were dipped 
in a saline solution and then blotted on a 

This procedure was used to minimize 
individual differences in footpad moisture. 


towel. 
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The S was then placed in the startbox of the 
maze. The startdoor was lifted and the shock 
turned on simultaneously The shock 
was on continuously for 60 sec. unless S 
reached the correct goalbox whereupon the 
door was closed behind it and the shock 
turned off. On a correct choice S remained 
in the goalbox 15 sec. before removal. If S 
failed to reach the correct goalbox in 60 sex 
it was removed from the maze. Each sub- 
sequent trial started with the dipping of the 
feet in the saline solution, and the procedure 
was repeated 40 times. 

The Ss were tested in blocks of four 
Either the black side or the white side was 
initially correct and the positive side could 
be either on the right or on the left. Each 
block of four included one S started under 
each of these four conditions. When, and 
if, S correctly chose the designated correct 
side at least 6 out of 8 trials with at least 
the last 3 consecutive choices correct, it was 
said to have met the criterion of 
and the other side 
position of the colored inserts remained con 

nt for an individual S. It was possibl 

x S to meet the criterion of learning a 
maximum of five times during 40 trials 
“emotionality 

was developed and applied during the first 
20 trials. Each S was rated on a 4-point scale 
(0-3) for each of four measures: 
handling when being placed in the maze, ease 
of handling during removal, 
vocalization, and amount of defecation 
Theoretically, a score of 0 to 12 could result 
It cannot be argued that such “emotionality”’ 
ratings were truly independent of the maze 
performance, for the ratings were made by 
E during the runs. However, an effort was 
made by E to make them as objectively as 
possible, and they do have a degree of value 
as preliminary or exploratory data 


was 


learning, 


became correct The 


\ set of rating scales of 


ease o! 


amount ol 


Performance Criteria 


Unmotivated performance.—An S 
cluded in this class if it 


was in- 
never met the cri- 
terion of learning and if there was variability 
in the choice of alternatives during the 40 
trial session. 

Learning performance-—An S was classi- 
fied as having learned if it met the criterion 
of learning at least once and showed flexi- 
bility in its behavior. All but one S included 
in this demonstrated flexibility 
after meeting the criterion for the first time. 
rhe exception was a 25-v. S which met the 
initial learning criterion on Trial 34. This S 
showed considerable variability in its be- 


category 
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havior in meeting the criterion for the first 
time and was thus clearly an S manifesting 
“learning” behavior. 

Fixated performance.—An S was classified 
in this group if it took all of its runs to the 
“wrong” side, or if it met the criterion of 
learning in 12 or fewer trials and then con- 
tinued in that choice for the remainder of the 
40 trials. The only S included in this group 
showing any flexibility in performance met 
the criterion in the first 9 trials, repeated its 
response for 25 more trials and changed to 
the now correct side in the last 6 trials 


RESULTS 


The primary results may be seen 
in Fig. 1. The upper curve represents 
a plot of the expectations based on 


the earlier pilot results. The expected 
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Fic. 1. The upper figure indicates the 
general expectancy with respect to the num- 
bers of Ss which would show “unmotivated,” 
“learning,” or “fixated’’ behavior as 
level is increased. 


shoc k 
The lower figure is a plot 
of the observed frequencies of each type of 
behavior. (There are 12 Ss at each voltage 
level except that there are 8 Ss at 20 v. See 
the text for the criteria for each 


type of 
behavior.) 
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number of ‘“‘unmotivated’’ Ss de- 
creases rapidly as shock level is 
increased. It was expected that the 
number of Ss exhibiting “‘learning”’ 
behavior would increase and then 
decrease. Finally, the number of Ss 
showing ‘“‘fixated’”’ behavior was ex- 
pected to increase to include all Ss 
tested at very high shock levels. 

The lower set of curves present the 
empirical results. It can be seen that 
the number of “unmotivated” Ss 
decreased as expected. The number 
of “‘learning’’ Ss increased and then 
decreased as expected, but then, 
contrary to expectation, began to rise 
again. This same failure of expecta- 
tions also appeared in the curve of 
“fixated’”’ Ss. It rose, as expected, 
and then began to fall. 

Observation of the behavior of Ss 
at high shock levels reveals a possible 
source of the increase in number of 
Ss meeting the learning criterion at 
40 and 45 v. as compared to the 
number meeting the criterion at 30 
and 35 v. At the higher shock levels 
an increasing number of apparently 
“fixated’’ Ss were unable to cling 
to the grid for the full 60 sec. before 
removal from the maze. These Ss 
bounced around in the maze and 
eventually happened to reach the 
correct side, thus meeting the objective 
criterion of learning, 
their behavior 


even though 
no evidence of 
the plastic character of the behavior 
of Ss that learned. Although they 
met the objective criterion of learn- 
ing, it is doubtful whether they were 
responding t@ the relevant black and 
white stimuli of the goal arms. 


gave 


An analysis of the individual differ- 
ence measure of “emotionality” is 
shown in Table 1. The mean rating 
increases with the increase in shock 
level in a fairly orderly manner. 
More important, however, are the 
comparisons between Ss showing dif- 
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TABLE 1 


““EMOTIONALITY” IN RELATION 
rO SHOCK LEVEL AND Mazi 
PERFORMANCI 


SCORI 


Maze Performan 


Shock 
n Volts v Beha f 


& 2.75 
11 3.09 
1 4.00 


cm GW W ho Ve 
Sowmowno 


an 


ferent maze behaviors at the 
shock level. In every case the 
“emotionality” 
‘‘fixated’’ behavior is greater than 
that of Ss ‘learning”’ be- 
havior at the same shock level. An 
analysis of 


same 
mean 
score for Ss showing 
showing 

variance of these results 
indicates that 
significant 
tionality” 


there is a statistically 


relation between ‘“emo- 
score and shock level and 
“emotionality” and 
type of maze behavior, both of which 
are significant beyond the .001 level. 
Furthermore, detailed analysis shows 
that there are significant differences 
between “emotionality” 


displaying 


between score 


scores of Ss 
“learning’’ behavior as 
against Ss displaying “fixated” be- 
havior which is significant beyond the 
.025 level at 30 v. and at the .05 level 
at 45 v. 


If the 


taken as 


“emotionality"’ index can be 
a crude measure of individual 
differences in shock, the 
“emotionality” and 
performance within shock levels would 
tend to indicate that 


( ould be 


there would be even less overlap in maze 


sensitivity to 
relations between 
if shock strength 
scaled in psychologica! units, 


performance types than is apparent in 
Fig. 1. There, performance is matched 
against a physical scale of shock strength. 


It should be noted that individual 
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differences in emotionality may be 
correlated with the resistance the rat 
contributes to the circuit. If this were 
the case, the behavior of the emotional 
Ss might be explained in terms of the 
greater they This 
is a matter for future investigation. 


current received. 

It can be concluded from these results 
that the 
learning often observed to accompany 


rise and fall in efficiency of 
progressive increases in motive strength 
especially when motive strength is manip 
ulated by variation in shock 
may actually be composed of qualita- 


strength, 


tively as well as quantitatively different 
kinds of behavior. It is suggested that 
the breakdown in performance at high 
motive levels may actually be an in 
of highly efficient learning of a 
task other than that set by EZ. In this 
is suggested that the high 
devoted 


animal 


stance 


instance it 
shock levels 


attention to the 


induce such 
feet that the 


‘‘notice,”” 


may 


and thus can not 


re spond to, the visual cues prov ided by E 


does not 


SUMMARY 


Six groups of rats tested with the 
correction proce e in a simple T maze and 
with either 20, 30, 35, 40, or 45 v. of shock 
dc square wave with 120 pulses/sec. and 2- 
msec. duration/pulse) on the entire floor of 


the maze. 


were 


lur 
5 


40 massed 
When S met the learn- 
ing criterion of 6 out of 8 


lraining consisted of 
trials in a single day 
choices to the 
correct alternative the “correct” side was 
It was predicted that as the shock 


level was increased, the number of Ss showing 


reversed. 


“unmotivated” behavior would decrease, the 
number showing “learning” 
and then 


behavior would 
and that the 
showing “fixated’’ behavior would 
[his expectation was realized 
except that at the two highest shock levels 
an increasing number of Ss met the objective 
criterion of learning. A post hoc interpreta 
tion of this particular result is given. Indi- 
vidual differences in “emotionality” 
significant relationship to -type of maz 
performance within a shock level, indicating 
that a psychological scale of shock intensity 
might have distinguished the three 
maze performance even mort 
the physical scale of voltage 


increase decrease, 
number 


increase. 


bore a 


types ol 


sharply than 


(Received November 18, 1959 
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COMPARISON OF VERBAL RESPONSE TRANSFER 
MEDIATED BY MEANINGFULLY SIMILAR 
AND ASSOCIATED STIMULI! 


JAMES J. RYAN 


University of Nevada 


In studies concerned with the 
process of transfer in learning, one 
of the factors usually considered 
crucial in determining the amount of 
transfer has been the specific relation 
existing between the original and 
subsequent stimulus or response ele- 
ments. The degree of similarity 
between these elements, with respect 
to any of several attributes, has 
characteristically been represented as 
the basis for predicting and explaining 
differences in transfer. With respect 
to verbal materials, several studies 
(Haagen, 1943; Osgood, 1946, 1948; 
Underwood, 1951) have _ provided 
empirical support for similarity as a 
factor contributing to transfer. But, 
except for variation in the degree of 
similarity between subsequent stimu- 
lus and response terms in 
associate learning, little work has 
done investigating the other 
properties of the relationship between 
these verbal materials which might 
also facilitate transfer. However, 
some studies (Bulgelski & Scharlock, 
1952; McClelland & Heath, 1943) 
have indicated {fiat verbal habit 
connections existing between interlist 
stimulus or response words can medi- 
ate effects not unlike those which 
contribute to transfer effects. 

Elaboration of the similarity con- 


paired- 


been 


1 This article is based upon a dissertation 
submitted to the University of Minnesota in 
partial fulfillment of the requirements for 
the PhD degree. The author is indebted 
to James J. Jenkins for his helpful direction 
and generous advice on all phases of this 
study. 
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cul- 
presented by 
hypothesizes 
meaning has a 
the mediation of 
Osgood 


verbal materials has 
minated in a_ theory 
Osgood (1953) which 
that similarity in 
dominant role in 
verbal learning. suggests 
that covert meaning reactions can 
function as mediators in this process 


cept in 


and also has suggested that observed 
positive and negative transfer effects 
could be explained in terms of differ- 
ential mediating effects accompanying 
differences in meaningful similarity. 
In addition, Osgood and Suci (1952) 
have developed a scaling procedure 
which provides a basis for deriving 
a measure of the degree of connotative 
similarity between words. 

In recent years, under the impetus 
of concern with communication and 
the psychology of language, interest 
has developed in intraverbal habit 
chains manifested by frequency of 
association in free-association response 
norms. 
of such 


Research investigating effects 
verbal habits on behaviors 
sucn as recall, perception, learning, 
and problem solving (Jenkins & 
Russell, 1956, 1958; Russell & Storms, 
1955) has led to consideration of these 
pre-existing verbal habits as a basis 
for mediation of transfer in the 
traditional retroactive inhibition or 
response transfer paradigms. Bastian 
(1956) recently conducted a study 
directly concerned with the compari- 
son of meaningful similarity and 
verbal habit connections as mediators 
of interlist transfer. 
verbal 


In his study, 


responses paired with the 
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same stimulus terms in sequential 
paired-associate learning lists repre- 
sented the different interlist relations 
being compared. He 
nificantly greater 


effects for response 


obtained sig- 
interlist 
words 


transfer 
having 
strong verbal habit connections and 
minimal similarity in meaning as 
compared with response words having 
high similarity in meaning and weak 
verbal habit connections. 


The 


extension of 


present study represents an 
this comparison to a 
paradigm in which the interlist stimu- 
lus words are differentially related 
with respect to meaningful similarity 
and verbal habit strength. The 
purpose of this study was to deter- 
mine the relative effectiveness of each 
of these verbal factors for mediating 
between stimulus 


response transfer 


words in two successively learned 
lists of paired associates and in the 
subsequent recall and relearning of 
the first list. 


between the magnitudes of the two 


lo provide equivalence 


factors being compared, the objective 
was to determine the contribution of 
each factor independently when it is 
at maximugn strength and other fac- 
tors are of relatively minimal strength. 


This study differs from most previous 


studies concerned with similarity in 
meaning in that the semantic differ- 
ential served as the basis for deter- 
mining similarity in 
meaning in terms of 
derived semantic distances (D). As 


association 


the degree of 
connotative 
in Bastian’s study, free 
served as the basis for inferring the 
pre-experimental strength of the verbal 
habit connections. 


METHOD 
lixperimental Design 


The experiment was designed so that one 


basic list of words would serve as stimulus 
terms in either the original list (Sequence | 


condition) or the transfer list (Sequence II 
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each of these basic-list 
three other words 
one of the following 
types of relationship with respect to the basi 


list stimulus words: 


condition For 


stimulus words, were 


selected to represent 


Type A _ (associated)—Maximal habit 
strength connections with low similarity 
in meaning 

Type S (similar)—Weak habit strength 
connections with maximal similarity in 
meaning 

Type C Weak 

with low 


habit strength 
similarity in 


(control) 
connections 


meaning. 


The necessity of having the same response 
paired with each of four different stimulus 
words required three separate paired-asso- 
ciate lists in addition to the basic list. Each S 
was required to learn the single set of re 
sponses to only two paired-associate lists, 
the basic list and one of the other three lists 
The latter made up in a _ counter- 
balanced order so that each list contained an 
equal number of stimulus words representing 
each type of relationship when the list was 
learned in sequence with the basic-list stimu- 
lus words. Each S was then exposed to an 
equal number of stimulus words in the trans 
fer list representing each relationship, thereby 
allowing an estimate of the major experi- 
mental differences independent of 
differences. 


were 


subjec t 


There were six conditions in all, three i: 
which the basic-list stimulus words occurred 
in the original list with one of the other three 
sets of stimulus words 
transfer list (Sequence | 


curring in the 
; and three in which 
the basic-list stimulus words occurred in the 
transfer list and the other set of stimulus 
words occurred in the original list (Sequence 


I] 


Selection of Materials 


Stimulus words.—The indices most closely 
indentified with the two processes being com- 
pared served as the primary basis for selecting 
stimulus words representing the pre-experi- 
mental verbal relationships. 
studies, using a 


Iwo normative 
student sample from a 
population very similar to that from which 
the experimental Ss were drawn, provided 
the data for these indices. 

Russell and Jenkins (1954) have obtained 
free-association response norms for the 100 
Kent-Rosanoff stimulus words. These norms 
indicate the primary (most frequent) response 
given to each stimulus word. A 
habit strength connection is 


maximal 
assumed to 
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TABLE 1 


WorpD RELATIONSHIPS AND List ASSIGNMENTS 


ulus Word 


Words Words 
SLOW 

SQUARI 
HARD 

HEALTH 
WAR PEACI 
SWEET BITTER 
BOY GIRL’ 
UGLY BEAL 
FOOD 


FAST 
ROUND 


SOFT 


DIM 
LONG 
RIGID 
VISION 
DANGER 
RIPE 
FATHER 


SICKNESS 


TIFUL 
HUNGRY 


m—Wwr de we dow 


CLEAN 


exist between a given word and its primary 
response. Jenkins, Russell, and Suci (1957) 
have made available a table of semantic 
distances (D values) between all pairs of 
a set of 360 words. This set includes a large 
number of Kent-Rosanoff stimulus 
and also their primary responses as given 
in the Russell-Jenkins norms. The D value 
between a pair of words is derived from their 
individual semantic differential profiles and 
according to Osgood represents their relative 
degree of similarity in connotative meaning. 
From the set of words having data available 
on both indices it was possible to select the 
nine basic-list stimulus words such that for 
each of these there were three other words in 
the set which represented each of the desired 
interlist stimulus relationships. The stimulus 
Table 1. 

In terms of the indices used these interlist 
relationships were as follows: (a) Type A 
words, for which the basic-list stimulus words 


words 


words used are shown on 


were primary free-association responses and 
which had relatively high semantic distance 
values (low similarity of meaning) with re- 


spect to the basic stimulus words. (b) Type S 
words, for which the basic-list stimulus words 
had the lowest distance values 
(highest similarity and which 
had very low or zero frequency of occurrence 
as free-association with 
to the words. (c) Type C 
words, for which the basic-list stimulus words 
had a very low or zero frequency of occur- 


semantic 
of meaning) 
responses respect 


basic stimulus 


rence as free-association responses and which 
had relatively high semantic distance values 
(low similarity of meaning) with respect to 
the basic stimulus words. 

Each Type C 
approximately 


word was selected to have 


the same D value (low 


HEARTLESS 


FLAMING 
CURLED 
MILD 
ANGER 
CALM 
CRUDI 
SISTER 
CHARMING 
WET 


CORLEP 
TIFTON 
BURBET 
MERMIC 
LODRAM 
VOLVAP 
DUNTEL 
WENDAN 
} RISPUL 


Ne Wwe lb be Ww Ww 


similarity of meaning) relative to the basic- 
list stimulus word as the corresponding Type 
\ word while the 


minimal degree of association 


having same relatively 
strength as 
the corresponding Type S word. Stimulus 
words were also screened to include only those 
having high frequency of usage as indicated 
by the Thorndike-Lorge word count (Thorn- 
dike & Lorge, 1944); to minimize pre-experi- 
mental associative connections between Types 
A, S, and C words paired with the same 
response ; and to minimize intralist interference 
effects.? 

Response words.—To reduce the possibility 
of any associative or meaningful connections 
which would contribute to but 
differential learning of a given pair or pairs 
of words in these lists, a set of two-syll ible 
nonsense words (paralogs) was prepared for 
This set of para- 
logs was pretested for consistent association 


consistent 


use as the response terms. 


value by including them in a free-association 
test and eliminating those that elicited a given 
with degree of consistency 
These words were also constructed to mini- 
mize interlist intralist 
The response 


response any 


and orthographic 


similarity. words are shown 


in Table 1. 


Procedure 


\ total of 90 male students randomly 
selected from sophomore general psychology 
courses served as Ss. The apparatus used 
was a Hull-type memory drum set up for 

2A complete description of the stimulus 
words in terms of the relevant measures 
has been presented by the author (Ryan, 


1957). 
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lhe 


learning ipparatus 
presented each stimulus word for 2 se« 


paired issociate 
alter 
which a shutter lifted to expose the response 
word (together with the stimulus word) for 
2 sec. before a new stimulus word appeared 
alone. Stimulus 
through use of 
domly 


materials were presented 
which 
ordered repetitions of stimulus and 


S was told 


tapes contained ran 
response pairs in each list. Each 
a learning experi- 
the the 
apparatus and the specific learning procedure 
to be followed The Ss were instructed to 
say each stimulus word aloud as it appeared 


that he was to engage in 


ment and instructed in function of 


and as soon as possible after the first trial to 
aloud each 
before it appeared If no 


anticipate and say 


re sponse or 
\ 


ncorrect Was given - 
ay the correct response 
ippear The Ss 
list would be 
had been correctly anticipated on the 


trial 


response » were to 
iloud when it did 
told that each 


continued until all responses 


were also 


same 


As a warm-up task Ss learned a practice 


nsisting of five pairs of three-letter 


syllables imuli and 
responses. Following the warm 


45 cards each 


two-digit 


I scnse 
numbers [ 
up task each S was given a set of 
containing one of the nine paralog respons« 
He was asked to go through the cards 
twice pronouncing each word aloud, thereby 
providing 10 exposures to each of the respons« 
words. This procedure allowed Ss to learn 
more readily the verbal response to the visual 


words 


stimuli provided by these unfamiliar pafalogs 
eliminating somewhat this additional learning 
process from the actual experimental learning 
task. ‘The 


one of the six experimental conditions 


assigned to 
and 


begun 


S was then randomly 


the experimental learning task was 
with the original list followed by the tr 
list and relearning of the original list 

the original list, 
were repeated and S was instructed 


attempt 


insfer 
Prior 
to beginning instructions 
not to 
to anticipate the correct response 
on the first trial but only to say the response 
after it appeared. Each list was continued 
with a 4-sec. interval each trial 
Immediately after the original list had been 
the instructed 
that a new list would be learned following 
told that 
stimulus 


between 


learned to criterion, S was 


the same procedure. The S was 


there would be a different set of 
the same 
the 


delay. 


words with set of response words 


transfer list proceeded 
After the 


list had been learned to the criterion, S was 


rhe learning of 


without further transfer 
told that the original list would be repeated 


and that he was to attempt to anticipate the 
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correct responses prior to their exposure for 
the first as well as subsequent trials. 


RESULTS AND DISCUSSION 


The primary comparison in this 
study concerns response acquisition 
during transfer-list learning as well 
as performance during recall and 
relearning of the original list. How- 
ever, this comparison assumes that 
there are no initial systematic differ- 
ences in ease of response acquisition 
between those sets of stimulus words 
representing Types A, S, and C 
interlist relations as they appear in 
the transfer and _ relearning lists. 
lo check this assumption a compari- 
son was made of performance during 
the original-list learning between stim- 
ulus words representing each of these 
relationships. The 
quence of presentation permitted this 
comparison. Stimulus words in the 
original list of each sequence could 


reversal of se- 


be classified on the basis of the func- 
tional relationship they represented 
in the transfer list of the alternate 
sequence. 

An analysis of variance using the 
total correct anticipations given dur- 
ing original-list learning for Sequences 


I and Il 
significant differences (F 18 
P > .05) in 


.95, respectively = 
of response acquisition between words 


separately revealed no 
and 


ease 


representing the three types of rela- 
tionship. This result is consistent 
with the assumption that stimulus 
words representing the three types of 
relationship do not differ 
with respect to ease of 
acquisition. 


initially 


response 


?Since measures of the thre ital 
word types were obtained from the same Ss 
and were therefore intercorrelated within 
list conditions, an analysis of variance model 
presented by Collier for “Two 
classification with observations at one 
correlated” (Collier, 1956) was used for this 
and all other analyses of word-type effects. 


experime 


dimension il 


level 
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The performance measures which 
served as indices of the degree of 
transfer obtained during learning of 
the transfer list were the number of 
correct responses given on Trial 2 
(first anticipation trial); the number 
of correct responses given on Trial 3; 
and the total number of correct 
responses given on all trials to the 
criterion. For each of these measures 
ai analysis of variance was carried 
out for Sequences I| and II separately. 
Each analysis of variance indicated 
a significant difference at the .01 level 
between word-type means for all 
measures with the exception of the 
total correct responses in Sequence II 
for which the probability was at the 
.05 level. Duncan’s multiple range 
test (Duncan, 1955) was used to 
determine the significance of the 
difference between each pair of the 
three word-type means in each se- 
quence. The means and SDs 
tained for each measure are shown in 
Table 2. 


Words representing the Type A 


ob- 


relationship obtained a significantly 


rABLE 2 


‘ 
TRANSFER List LEARNING: MEAN CorRREC1 
ANTICIPATIONS AND SDs 


Types 
Sequence 


Mean SD 


Mean 


All Trials 


21.36 | 11.47 
20.53 | 10.49 
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greater number of correct responses 
on the initial anticipation trials (Trials 
2 and 3) than words representing 
either Type S or Type C relationships. 
The differences between Type A and 
Type C words are significant at the 
.01 level in both sequences on Trials 
2 and 3. The differences between 
Type A and Type S words are signifi- 
cant at the .01 and .05 levels, respec- 
tively, for Trials 2 and 3 in both 
sequences. A difference favoring the 
Type A words is also observed when 
the total number of learning trials 
are considered, although for this 
measure only the difference between 
Type A and Type C words is signifi- 
cant and this difference is at the .01 
level in both sequences. The Type S 
words exhibited a consistently 
greater ease of response acquisition 
than the Type C words for all meas- 
ures of learning. This difference, 
though, is not significant for the first 
anticipation trial (Trial 2) of either 
sequence nor for subsequent trials 
in Sequence II. In Sequence I the 
difference between Type S and Type 
C words is significant at the .05 level 
for Trial 3 and at the .01 level for all 
trials to the criterion. These results 
indicate that the interlist relations 
between stimulus words represented 
by both the Type A words (strong 
verbal habit connections) and the 
Type S words (high similarity in 
meaning) facilitated learning to a 
greater extent than the 
control words. The Type A words 
however, exhibited greater 
response acquisition than the Type S 
words as indicated by differences 
the initial trials. It 
appears then that the Type A rela- 
tionship provided an initial learning 
advantage which carried over the 
subsequent trials and although the 
Type S relationship did not provide 
a reliable difference on the 


also 


those for 


ease ol 


obtained on 


initial 
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facilitate 
faster rate 
obtained for the Type C 


trials, it did 
learning at a 


subsequent 
than 
words as 


was 
indicated by an overall difference 
with respect to the latter. 

An analysis was made of perform- 
ance during relearning of the original 
list. The results of 
variance of the 
responses on the first relearning trial, 


the analysis of 
number of correct 
which represents a measure of recall, 
indicated no differences 
Similarly 
the analysis of variance for the total 
number of 
during all 
original list 
effect 


significant 
between word-type means. 


correct 
trials 


given 
the 
no significant 


responses 
for relearning 
indicated 
attributable to word types. 
The means for both measures during 
relearning the original list are shown 
in Table 3. 
Since the 


correct 


maximum number ol 
responses possible for S to 
make on a single trial for a given word 
type was three, it can be seen that 


on the recall trial there was a very 


high probability of correct anticipa- 


tion for words representing all three 
It is 
minimal 


interlist stimulus relationships. 


apparent that there was a 


PABLI 


RELEARNING ORIGINAL List: MEAN CoRREC! 
ANTICIPATIONS AND SDs 


lrial 1 


Recall 


All Trials 


4.60 | 7.91 | 4.97 
7.83 | 9.78 | 7.74 
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loss in learning due to the interpolated 
transfer list and that this minor loss 
showed no systematic relationship 
to the different verbal relations. 


On the basis of these results it can be 
concluded that the mediation effects 
of verbal habit strength (as determined 
by free-association response norms) and 
determined 
by the semantic differential) can facili- 
tate response transfer between interlist 
stimulus words. Further, for the sample 
of words used here, the mediation effects 
of the verbal habit connections provide 
greater facilitation than those provided 
by similarity in connotative meaning 

Since transfer 
tained for 
habit 

is somewhat 


similarity in meaning (as 


been ob- 
both 
similarity relation- 
difficult to 
statement 


effects have 


words representing 
verbal and 
ships, it make 


any unequivocal favoring 


only one of the underlying theoretical 
positions. The response chaining medi 
ation mechanism supported by Bastian 
1956) and the Mirinesota investigators 
and the representational mediating 
1953) both 
find adequate support in terms of th 
transfer effected by 


ships 


process offered by Osgood 
the verbal relation- 
assumed to provide maximum 
opportunity for each of these processes 
to be effective. The most conservative 
that could be 
that both factors, and as far as 
can be determined their assumed medi 
ating processes, operate independently 

each factor being a sufficient condition 


conclusion drawn at this 


point 1 


in itself for facilitating response transfer 
in a learning scheme such as that utilized 
here. It should be understood, however, 
that these results provide no indication 
concerning transfer effects of 
similarity 
that could exist 
between stimulus words either separately 
or in 


relative 


dimensions of other than 


connotative similarity 


combination with similarity in 
connotative meaning. 

Although no systematic bias was 
apparent, the words used in this study 
to represent the interlist relations were 
not randomly sampled from the poten- 
tially large population of 


that could exhibit 


word pairs 


these relations, but 
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rather were selected from those for which 
the appropriate normative data 
available. Therefore, more extensive 
generalization of these results concerning 
the relative effectiveness of the two 
factors would require some qualification. 

It is consistently evident, however, 
that the transfer obtained through the 
verbal habit relationships used in: this 
study is of larger magnitude than that 
obtained for the similarity relationships 
employed here. 


were 


It might be suggested 
that this difference has arisen through 
a deficiency in the sampling procedures 


as far as similarity is concerned. That 
is, it is reasonable to question whether 
those words selected for maximal simi- 
larity (low distance) to the 
basic-list stimulus words did not actually 
exhibit as much similarity as 
possible ,words not so 


example, 


semantic 


other 
selected. For 
general usage 
tend to have an association frequency 
of measurable magnitude and therefore, 
even if within the set for which norma- 
tive data were available, could not be 
included here to represent the Type S 
relationship. Although it is possible 
that the degree of similarity may have 
been depressed to some extent through 
this kind of selection it should be noted 
that the semantic the 
meaningfully similar words used here 
tended to be only slightly larger than 
the test-retest difference in 
distance of words measured by the 
semantic differential obtained for a 
separate subject sample (Norman, 1957). 
This suggests that the error of measure- 
ment could account for any slight differ- 
ences that would separate the words 
used from others that might appear more 
similar with 
meaning. 
The results in this study seem to indi- 
cate quite clearly that habit 
strength can mediate verbal response 
transfer independent of the effects of 
connotative similarity. 


synonyms in 


distances for 


semantic 


respect to connotative 


verbal 


Further, it seems 
that for certain subsets of words at least, 
verbal habit strength provides as good if 
not a better basis for verbal response 
transfer than is provided by connotative 
similarity in meaning. < 


SUMMARY 


Similarity in connotative meaning and 
verbal habit separate factors 


relating interlist stimulus words in subsequent 


strength as 


paired-associate learning lists were compared 
as to their effectiveness in mediating response 
transfer across these lists. The Ss learned in 
sequence two paired-associate lists, an original 
and transfer list, and relearned the original 
list. Three types of verbal relationship were 
established between the corresponding inter- 
list stimulus words paired for learning with 
response: Type A, representing 
maximal habit strength connections and low 
similarity in meaning; Type S, representing 
weak habit strength connections and maximal 
similarity in Type C (control), 
representing weak habit strength connections 
and low similarity in meaning. These inter- 
list relations were obtained by pre-experi- 


the same 


meaning; 


mental selection of stimulus word pairs on 
the basis of appropriate norms for semantic 
distance (as derived from Osgood’s semantic 
differential), which 
similarity in connotative meaning; 


index of 
and free- 
association response frequency, which served 
as an index of verbal habit strength. Meas- 
ures of performance on the transfer list 
showed that both Type A words and Type S 
words facilitated learning to a greater extent 
than the Type C control words and that the 
[ype A words facilitated learning to a greater 
extent than the Type S words. 
differences in recall or relearning of the 
original list were obtained. It was concluded 
that both verbal habit strength and connota- 
tive similarity in relations be 
tween interlist contribute 
independently to the mediation of response 
transfer and that the mediation effects 
contributed by verbal habit strength 
nections were as good if not better than those 
contributed by connotative similarity 
the subset of 


served as an 


No systematic 


neaning as 


stimulus words 


con- 


within 
The theo- 
fac tors 


words used here. 
retical relevance of these 


presented and discussed. 


two was 
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VALUE OI 


ALEXANDER M 


IN THE REINFORCEMENT 


A POSITIVE REINFORCER 


BUCHWALD ! 


Indiana University 


Data from several experiments (Buchwald, 
1959a, 1959b) indicate that an event which 
consists of E saying nothing (N) after S’s 
response can acquire reinforcement value 
when N is an alternative to “Right’’ (R) or to 
“Wrong” (W) in a reinforcement combina- 
tion. It is possible that this effect may be 
confined to the event, N, or to events which 
have zero reinforcement value at the start 
of an experimental session. The present 
paper reports an attempt to alter the rein- 
forcement value of an event, E saying 
“mmhm” (H), which has been demonstrated 
to have a positive reinforcement value for 
the subject population. 

Method.—In Phase I, “induction training,” 
each S learned under one of the three different 
reinforcement combinations: RH, HW, or 
RW. In Phase II, “test training,’ all Ss 
learned a second task under the same rein- 
forcement combination, namely, “mmhm” 
nothing (HN). Twenty Ss from the intro- 
ductory psychology course were assigned to 
each of the three induction training groups 
The first 144 cards of the decks used in the 
previous experiments were used in Phase I. 
Each S was run (individually) until he had 
either made correct responses on two con- 
secutive blocks of 18 cards, or until he had 
responded to the entire deck. Phase II 
followed immediately, without break in 
procedure, and a second deck of 48 cards was 
used to give 48 trials. These cards differed 
from the Phase I deck only in that new 
nonsense syllables were used and only one 
number was combined with a given syllable 
pair. Instructions and other details of 
procedure were identical with those of the 
earlier experiments. 

Results and discussion—Both mean and 
median numbers of correct responses made 
during test training placed the groups in the 
order HW, RW, RH (from least to most). 
Use of the Kruskal-Wallis and Mann-Whitney 
tests indicated that the groups differed signifi- 
cantly at the 5% level except for the RW vs. 
RH comparison. These effects cannot be at 
tributed solely to alterations in the reinforce- 
ment value of (H) since the response measure 
is markedly influenced by errors which occur 


'The author is grateful to David 


Phillips who 
collected the data for this experiment 


prior to S making his first correct response 
on a given pair. Such errors, since they 
precede the first reinforcement of a correct 
response by “mmhm,” do not depend on 
the reinforcement value of ‘“‘mmhm" but must 
be due to other aspects of the experimental 
situation. 

A purer picture of the reinforcement values 
of “‘mmhm” is given by an analysis in which 
all trials for each S preceding the occurrence 
of the first ‘“‘mmhm” on a given syllable pair 
are discarded. The ratio of incorrect re 
sponses to trials, on the remaining trials, 
was averaged for each S. (This latter step, 
which yields one measure for each S, was 
necessitated by the fact that some Ss gave 
no correct responses on one or more pairs 
Summary shown in Table 1 
The median test on these data revealed that 
the groups differed, overall, at the .01 level 
of significance, and that Group RH differed 
from each of the other groups at the .01 level 


statistics are 


I'wo pieces of evidence suggested that for 
Ss in Group RH the reinforcement value of 
“mmhm” did not merely decline toward 
zero, but actually became negative. First, 
19 of 20 Ss in Group RH, as compared to 
only 19 of 40 Ss in 
made at least 
sequent to the first correct response on a given 
pair. Further, Ss in Group RH typically had 
such a pattern on all syllable pairs while few 
of the other Ss did so. Second, many Ss 
in Group RH made more incorrect responses 
as Phase II continued (see Table 2). The 
x? test applied to Table 2 yielded a value 
significant at .001. These data suggest that 
many Ss in Group RH learned the responses 
followed by N rather than those followed 
by H. This finding is all the more striking 


the other two groups, 


one incorrect sub 


response 


rABLE 1 


ERRORS 
Ratio FOR TRIALS AFTER First 
TRIALS 


CorRRECT RESPONSE ON A GIVEN PAIR 


Group | Mean 
—|— 
| 


RH 509 
HW | 059 
RW 107 
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TABLE 2 


NUMBER OF Ss SHOWING AN INCREAS A DECREA 
OR NO CHANGE IN NUMBER OF CorREK 
RESPONSES FROM TRIALS 1-12 
ro TRIALS 37-48 


» Change 


when one considers that N should be 


likely to have a positive reinforcement value 
for those Ss who heard E say “Wrong” in 


more 
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PATRICIA RICHARDSON 


( 
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rhis report presents the replication of a 
study by Miller and Selfridge (1950) which 
indicated that the number of words recalled 
from the single reading of a list of words 
of both the statistical 
approximation of the words to English and 
the number of words in the list. The present 
experiment also provided for the evaluation 
of two factors that were not controlled in the 
the original study. 

Method.—A randomly permuted 7 X 7 
latin square design was employed where the 


varied as a function 


letters represented the following approxima- 
tions to English: 0, 1, 2, 3, 5, 7, and text 
Three identical latin squares were employed 
for 10, 30, or 50 wer ds in the list, respectively 
Analysis of the latin square sources of varia- 
tion provided for evaluation of the ordinal 


position and sequences of the seven types of 


These 


verbal 


f ictors 
material is 


material 
with 


verbal two were 


confounded the 
original study 

[wenty-one groups of eight Ss each served 
with each group constituting a row in 
of the three squares Ihe verbal material 
was that published by Miller and Selfridge 
(1950, pp. 184-185). The words for all 
groups were read by one E at a 2-sec. rate 
The Ss were instructed to listen to the reading 


one 
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the experimental situation, i.e., Ss in Groups 
RW or HW, than for the Ss in Group RH 
The results indicate that the induction of 
value througl with 
some alternative reinforcing event can occur 
for events other than nothing, and is not 
confined to events which have zero reinforce- 
ment value at the start of the experimental 


reinforcement contrast 


session 
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of the words, and upon completion of the 
single reading of a given list, they 
instructed to write as many of the words 
of the list as they could, maintaining the 
order of the words ds ¢ losely as possible 
Results and discussion 
the 


results of 


were 


Figure 1 presents 

study the 
comparable original study 
Analysis of the word recall 
frequency data indicated a significant source 
of variation in Number of Words (F = 260.5 
df = 2/147; error MS = 60.0) and in Order 
of Approximation (F = 332.9, df = 6/882; 
error MS = 11.2) These findings indicate 
a greater recall for the longer lists and higher 
order approximations, respectively. It should 
be noted that the variability of the length of 
list groups increased with increasing length 

The interaction of these variables was also 
significant (F = 65.7, df = 12/882; 
MS = 11.2 The significant interaction 
indicates that as the number of words in the 
list increases, a greater advantage in words 
recalled occurs for the higher-order approxi- 
mations to English However, as Fig. 1 
indicates, the proportion of words recalled 
decreases as length of list increases. 

The results support the findings of Miller 
and Selfridge, and in addition indicate that 


the results of present and 
the 


variance on 


error 
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1 
ORDER OF APPROXIMATION TO STATISTICAL 
STRUCTURE OF ENGLISH 


Fic. 1. Percentage of words correctly recalled as a function of order of approximatior 
nglish for three lengths of word lists 


the variables of ordinal position and sequence, REFEREN( 

confounded with verbal material in the Meter, G. A., & Serrripce, J 
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ERRATA 


The article “Supplementary Report: Familiarity and Frequency” 
by Clyde E. Noble, in the June 1960 issue of this Journal (J. exp. 
Psychol., 1960, 59, 432-433), contains an error. On p. 432, tenth 
line from bottom, second column, the ratio 1/6 should be 1/a. This 
was a typing error and did not affect the computations of the 
familiarity asymptotes. 


In the article ‘‘Intersensory Transfer in Learning Sequences” 
by A. K. P. Sinha and S. N. Sinha (J. exp. Psychol., 1960, 60, 180 
182) the mean trials for the learning the Initial Task in the Visual 
modality should be 7.525, rather than the 47.525 as shown. 
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